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Bearings for large span railway bridges constructed 


in welded platework 
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ENGINEERS LTD 
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THE ENGLISH ELECTRIC COMPANY ‘LTD. 


WELDING EQUIPMENT DEPARTMEN STAFFORD 


BRITISH INDUSTRIES FAIR, BIRMINGHAM — STAND NO. C613/512 
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ELECTRIC WELDING 
EQUIPMENTV GO EC 


&E6.C. experts can help you 
in your welding problems. 
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The requirements of the chemical, petroleum and kindred industries 
for tanks, vessels, holders, towers and other structures and fabrications 
made from steel plates, are fully met from the Appleby-Frodingham 
mills. Steel plates in ship and tank, boiler, welding and pressing 
qualities in mild steel, and in high and medium tensile weather 

comaniesite resisting (‘‘Kuplus ’’) steels. A full range of steel sections is also rolled. 
APPLEBY-FRODINGHAM STEEL COMPANY, SCUNTHORPE, LINCS. 


Branch of The United Steet Companies Limited. 


THE UNITED 


Telephone : Scunthorpe 3411 (9 lines) Telegrams : “ Appfrod” Scunthorpe 
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Uphill work is easy— 


when you weld studs like a shot 
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With the Nelson stud welding gun you can weld studs to steel 


in any position—on horizontal and on vertical surfaces and even 
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over-head. This modern method is 14 times faster than drilling 


and tapping because it is almost completely automatic. The equip- 
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ment comprises a Nelson gun, automatic timer and D.C. generator. 
Operation is simplicity itself. Just load the ‘gun,’ hold it in 
position and fire—the equipment does the rest, in a split second. 
Nelson studs are so easy to fix that you can use them in place of 
bolts, pins and rivets. And every stud weld is neat, uniform and 
immensely strong. One secret of success in Nelson stud welding 
is the use of studs which are specially designed for the purpose. 
Nelson studs are made from svecially selected steel, end-loaded 
with just the right amount of flux and sealed over like cartridges. 
If you have a job for studs send for the Nelson brochure, 


which tells you all about this time-saving, cost-cutting technique. 


NELSON 


STUD WELDING SERVICE 
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CROMPTON PARKINSON LIMITED, PLANT. DIVISION, CROMPTON HOUSE, ALDWYCH, LONDON, W.C.2 
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EXPERIEN 


—the experience of many 
years of welding in our 
own shops 


THE ELECTRODES 
WE SELL ARE THE 
ELECTRODES WE USE 

Pa 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 
TRAFFORD PARK, MANCHESTER 117 





TRANSACTIONS OF THE INSTITUTE OF WELDING 


TWW 
FOR SALE 


MODERN WELDING PLANT 


TEN MODERN “J. H. HOLMES” STATIONARY FIVE OPERATOR MOTOR GENERATOR ARC 
WELDING SETS, input 400/440 volts, 3-phase, 50 cycles, output 55 volts, 600 amps. Speed 1500 r.p.m. 
With A.C. Motor Starter and Generator Control Gear. 


TWELVE MODERN “J. H. HOLMES” PORTABLE DOUBLE OPERATOR MOTOR GENERATOR 
ARC WELDING SETS, input 400/440 volts, 3-phase, 50 cycles, output 55 volts, 400 amps. Speed 1500 
r.p.m. With A.C. Motor Starter and Generator Control Gear. 


THREE MODERN “J. H. HOLMES” PORTABLE SINGLE OPERATOR MOTOR GENERATOR 


ARC WELDING SETS, input 400/440 volts, 3-phase, 50 cycles, output 55 volts, 300 amps. Speed 1500 
r.p.m. With A.C. Motor Starter and Generator Control Gear. 


MODERN TRANSFORMER TYPE ARC WELDERS 


Suitable for connection between any two phases of a 3-phase 50-cycle 400/440 volts supply. 


} 


Quantity Maker Type No. of Operators Output 
3 QUASI-ARC STATIONARY THREE 40-3 KVA 
| Ol COOLED 


2 QUASI-ARC | STATIONARY THREE 28-8 KVA 
|; Ot COOLED 


1 E.E.C. | PORTABLE SINGLE 27 KVA 
OL COOLED 


! G.E.C. | PORTABLE SINGLE 21-1 KVA 
| Olt COOLED 


! G.E.C. SINGLE 12-7 KVA 


PORTABLE 
AIR COOLED 
AVAILABLE AT ATTRACTIVE PRICES—FULL DETAILS POST FREE ON REQUEST. OTHER 
STOCKS INCLUDE: AC/DC MOTORS, CONTROL GEAR, TRANSFORMERS, SWITCHGEAR, 
GENERATING PLANT, PLATING EQUIPMENT, ELECTRIC TOOLS, ETC., ETC. WRITE FOR 
CURRENT STOCK LIST 
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HO 
TOUGH 
IS 
‘HARD’? 


The OK HARDTRODE ELECTRODE 

range has been designed to meet the 

|\. specific needs of welding engineers engaged 
} in hard facing by arc welding. 


Giving deposits varying in hardness from 
150-600 Brinell, capable in some cases (by 
suitable treatment), of increase to 750 
Brinell, these electrodes which are mainly 
of “‘lime ferritic’’ base, possess the charac- 
teristic of “‘crackproofness” peculiar to rods 
of this type. 


The OK Organisation has always pioneered research in the welding industry and OK HARD- 
TRODE ELECTRODES combine the results of long and careful research with practical application 
in a wide field . . . rail points and similar work subject to hammering (or other impact stresses), 
hot shears, forging, planing and cutting tools, grab buckets, crusher plates, etc., etc. 


In the selection of Hard Facing electrodes a great many features require to be borne in mind 


. . . procedure, base metal and weld metal may govern the properties of the final deposit, and 
need careful consideration. 


These, and similar problems met in the production or reclamation of hard, tough or 
wear resistant components, together with instructions for the building up of hard wear- 


resisting surfaces, are fully dealt with in our new booklet—“Hard Facing Facts,” a brief 
treatise on hard facing by arc welding—a copy of which we shall be pleased to send you 
upon request. 


In it OK HARDTRODE ELECTRODES are described in detail in relation to their 
individual applications. 


MANUFACTURED BY: 


WELDING SUPPLIES L" *<‘*.tat.cuumen 
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INSTITUTE NOTES AND NEWS 


The Working Reserve.—-The Council have resolved that no 
portion of the working reserve fund, collected by the response of 
members to the President’s appeal of last October, shall be spent 
without a specific authorisation by the Council, carried by a two- 
thirds majority of those present and voting at the meeting. 

The object of this standing order is to ensure that the reserve, 
still far short of the sum required, shall not be used to meet current 
expenditure, which must be kept within the limits of current 
ordinary income. The reserve must be used to finance special 
enterprises which will raise the prestige of the Institute and advance 
the cause of British welding. Normally, such enterprises will be 
expected to pay for themselves and all projects will, therefore, be 
examined carefully by the Council, to make sure that the plans 
give a reasonable expectation of recovering any capital used to 
finance them. 

The fund will remain open, so that those who have not yet found 
an opportunity of contributing to it may do so later on. 


Council Elections, 1950.--The following are the nominations of 
Council for Honorary Officers and representatives on the Council: 
President: Mr. C. S. Milne; Vice-President: Mr. Howard J. 
Thompson, M.1I.Mech.E.; Representatives of Industrial Corporate 
Members: Mr. A. H. Bent, A.M.I.E.E., Mr. N. L. G. Lingwood, 
A.M.1.Mech.E., Mr. H. N. Pemberton, M.1.Mech.E., M.I.N.A., 
Dr. H. G. Taylor, M.LE.E.; Representatives of Fellows, Members 
and Associate-Members: Mr. E. F. Burford, Mr. E. Cuthbert, 
M.LP.E., Mr. C. H. Davy, M.I.Mech.E., Mr. E. P. S. Gardner, 
B.Sc.(Eng.), M.1.C.E., M.1.Mech.E., M.1.Struct.£., Mr. J. A. 
Matthews, M.I.Mech.E., M.I.Mar.E., Mr. W. A. Roy, B.Sc., 
M.1.Mech.E., Mr. E. Seymour Semper, M.I.Mech.E. 


International Institute at Paris.—The annual meeting of th® 
International Institute of Welding is being held this year in Paris» 
by invitation of the French Welding Society, from 5-10 June next. 
rhis is not, of course, a congress or conference open to the general 


public, but is a meeting of the Governing Council and the technical 
Commissions of the International Institute, the members of which 
are appointed by the countries which they represent. The British 
delegation, numbering about 20-25, is appointed by the Joint 
Committee of the five British member societies of the International 
Institute under the Chairmanship of Mr. W. W. Watt. 


International Welding Congress.—The plans for the International 
Welding Congress of 1951 are going forward and the Executive 
Committee, appointed by the five British member societies of the 
International Institute of Welding, have made their proposals 
known to the Bureau of the International Institute, whose views will 
be before them when they meet again. It is proposed to hold an 
opening meeting of the Congress in London on Saturday, 21 July, 
1951, and then to remove to Oxford, where Christ Church has been 
booked for the following week. The meetings of the Governing 
Council and its technical Commissions will be held there, as also 
the open technical meetings which it is hoped to make a feature of 
the Congress. There will probably be a concluding social function 
in London on the Saturday, after which the overseas delegates will 
be invited to make visits to works and shipyards in all parts of the 
country, the arrangements being in the charge of the Branches of the 
Institute. Opportunities will thus be given to British companies, 
firms and associations to welcome the overseas visitors, and it is 
hoped that members of the Institute resident in London and 
neighbourhood will offer to receive one or two guests into their 
homes for the nights of Saturday, 21, Saturday, 28, and Sunday, 
29 July, 1951. 

The President of the Institute is appealing to industry for a 
guarantee fund of £5,000 to cover the administrative expenses 


of the Congress. Rather more than half this sum has already 
been promised. 


School of Welded Bridgework.—The Council have had under 
consideration for some time past suggestions from various quarters 


FRONT COVER ILLUSTRATION.—On a dirty, rusty or damp steel surface, paint bonds badly, and usually starts to 


scale off after a comparatively short life. But on a clean, dry and warm surface, it bonds to perfection. 


To prepare such 


a surface, however, often appears a formidable task—as it did in the case of the badly corroded steelwork of the Bailey 


Bridge structure shown. 


But the Oxy-Acetylene Flame Cleaning Process made short work of it. 


Flame cleaning loosens 


and removes all unbonded scale and corrosion and thoroughly dries the steel, leaving it in an ideal condition for the 
application of paint. This process increases the durability of the paint coat and thereby cuts down maintenance costs. 
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that the Institute should organise a series of lectures and demonstra- 
tions on welding as applied to bridgework, primarily for members 
of the staffs of highway authorities, who have a formidable bridging 
programme in hand. A circular has been addressed to all county 
and borough surveyors, outlining the plan for the proposed School 
and asking whether they would support it by sending members of 
their staff to it, if the School were held in London at the time of 
the Public Works Exhibition. 


Institute Luncheon.—The luncheon which had been arranged for 
22 February was postponed to | March, as it was felt that many 
who would like to attend would be unable to do so if the function 
were held on the eve of polling day. The attendance was larger than 
on previous occasions, and 120 members and guests were present, 
the Chair being occupied by Mr. C. S. Milne, Vice-President, 
in the unavoidable absence of Mr. Bulleid. The companies which 
took tables were:—the British Oxygen Co. Ltd., Metropolitan- 
Vickers Electrical Co. Ltd., Tube Products Ltd., the Lincoln 
Electric Co. Ltd., Rockweld Ltd., and the Quasi-Are Co. Ltd. 


The Chairman proposed the toast of the Guests, and spoke 
particularly of the responsibility which the Institute had assumed 
on behalf of British welding as a whole in undertaking the organisa- 
tion of the International Welding Congress to be held in Great 
Britain in 1951, the British Festival year. Mr. Milne urged the 
importance of leaving our overseas visitors, who would be men of 
scientific and technical distinction, with a thoroughly favourable 
impression of British welding. Dr. Dorey of Lloyd’s Register of 
Shipping and Aircraft replied, as also Sir William J. Larke, K.B.E., 
the President of the Reception Committee for the International 
Congress, The toast of the Institute and the Welding Industry 
was proposed by Dr. H. G. Taylor, Director of the British Welding 
Research Association, in an amusing speech, and this was 
acknowledged by Mr. Howard J. Thompson, Chairman and 
Managing Director of Thompson Bros. (Bilston) Ltd., and 
President of the Wolverhampton Branch. The function appeared 
to be greatly enjoyed by those who were present and there was 
considerable difficulty in bringing it to a close, so that members 
of the Council, who were meeting afterwards, had to work on into 
the evening. 


Sir William J. Larke Medal.—The Council have awarded the 
Sir William J. Larke Medal for 1949 to Mr. R. G. Braithwaite, 
M.1L.C.E., M.Inst.W., for his paper “The Control of Distortion 
in Arc Welding,” which appears elsewhere in this issue. The 
paper will be presented and discussed at the Spring Meeting in 
Birmingham on 26 April. 


A paper by Mr. J. F. Lancaster, B.Eng., A.M.Inst.W., on 
“The Argon Arc Welding of Stainless Steel Sheet ’’ was highly 
commended by the examiners. 


Welding Craftsmanship Competition.._The results of the Welding 
Craftsmanship Competition are now announced. Prizes of 30, 20 
and 15 guineas respectively have been awarded by the Council as 
follows:—first prize, A. A. Gillies, Associate—Southampton 
Branch; second prize, R. E. A. Andrews, Associate—Birmingham 
Branch; third prize, A. B. Fieldhouse, Associate—Wolverhampton 
Branch. The prizes will be handed to the winners at the meeting at 
the Grand Hotel, Birmingham, on 26 April next. 


B.O.C, Welding Prize, 1949.—Acting on the report of the 
examiners, the Council have awarded a prize of 10 guineas to 
W. A. Cavill, Associate—Sheffield Branch, for his paper “How 
Oxygen Cutting and Allied Processes have helped Production in 
the Heavy Steel Industry.” The prize will be handed to the winner 
at the Birmingham meeting on 26 April. 


C. W. Hill Prize.—The awards in the first C. W. Hill Prize 
Competition, held last year, were approved by the Council on 
1 March, and are as follows:—first prize, F. J. McCann, Graduate— 
Manchester Branch; second prize, C. E. Leatherdale, Graduate 
—Southampton Branch. Certificates of commendation were 
awarded to:—W. T. Amison, Student—Wolverhampton Branch, 
and G. Whiteside, Student— Manchester Branch. 


Mr. McCann will receive his prize at Birmingham on 26 April. 
The second prize and the certificates will be handed to the winners 
at meetings of their respective Branches, 
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Research Supplement.—With this issue of Transactions is 
included Volume 4, No. 2, of Welding Research, containing the 
following reports of the British Welding Research Association:— 
R.55. — Preliminary Tests on Welded Connections, by E. K. 
Frank!, M.A. ; R.56.—The Application of the Resonance Vibra- 
tion Method to the Fatigue Testing of Short Welded Light Alloy 
Structures, by R. Weck, Ing., Ph.D. 


Handbook for Welded Structural Steelwork.—-A revised reprint 
of the Handbook for Welded Structural Steelwork, which has been 
in the press for nearly two years, is at last available, price 10s. per 
copy, post free. The book incorporates a number of important 
corrections to the formulae on pages 111-118 of the fourth edition, 
but is otherwise identical with that edition. It is intended to 
circulate the corrections to the purchasers of the fourth edition. 


Reading of Papers.—Members of the Institute who would be 
prepared to read papers at meetings of the Institute or of its 
Branches are invited to forward the papers (or descriptive sum- 


-maries) for consideration by the Programme and Journal Com- 


mittee. Papers submitted in response to this invitation should 
reach the Secretary of the Institute not later than 14 July next. 


Binding of Transactions._The Index to Volume 12 of the 
Transactions.for the year 1949 was printed in the February 1950 
issue. Arrangements have been made for the binding of members’ 
volumes of Transactions in black embossed leather-cloth at a 
cost of 10s. 6d. each, plus Is. for postage and packing. Members 
wishing to take advantage of this arrangement should forward 
parts, with index, to Mansell (Bookbinders) Ltd., 31, Cursitor 
Street, Chancery Lane, London, E.C.4. 


Examination Regulations..-Copies of the following document 
are available gratis to members on application to the Secretary 
of the Institute:—“‘Examination Regulations and Syllabuses.” 


1951 EXHIBITIONS 


The Festival of Britain Office and the Council of Industrial 
Design have jointly issued an important booklet, Notes for Industry 
on the 1951 Exhibitions. This explains the method of selecting 
and collecting industrial exhibits for the Exhibitions on the South 
Bank of the Thames, in South Kensington, and in the Kelvin 
Hall, Glasgow, and includes instructions for submitting products 
for the “1951 Stock List,” which is a means of ensuring that 
products shall be considered for the Exhibitions. 


Copies of this booklet have been supplied to the Institute and 
Industrial Corporate Members who are interested may obtain 
one on application to the Secretary. 


OBITUARY 


Sir Ralph Freeman, M.L.C.E., a past President of the Institute, 
died suddenly on 11 March last. 


Senior partner in the firm of Freeman, Fox & Partners, con- 
sulting engineers, since 1921, Sir Ralph Freeman was a bridge 
designer of international repute. His most notable achievement was 
the design of the Sydney Harbour bridge, which earned from the 
Institution of Civil Engineers its highest award, the Baker Medal. 
Before that he had designed five large bridges in Rhodesia, and 
recently he was engaged on the designs for a suspension bridge 
over the River Severn and another‘at Auckland Harbour, New 
Zealand. Sir Ralph’s use of welding, in a branch of engineering 
so important as steel bridge construction, was a real service to the 
development of the welding processes, and his high professional 
standing greatly enhanced the prestige of the Institute when he 
accepted the Presidency in 1942, in succession to Sir William Larke, 
K.B.E. The time was one of great difficulty for the Institute, and 
for other bodies of the same kind, but Mr. Freeman, as he then 
was, gave generously of his time and his wide knowledge of 
institutional procedure to carry the Institute forward in the 
closing years of the war. He held the Presidency for a second term 
1943-44, and was knighted in 1947. Sir.Ralph Freeman will be 
greatly missed by his friends and colleagues on the Council of the 


Institute and among its members, whose sympathy goes out to 
his wife and family. 
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NOTES FROM THE BRANCHES 


East of Scotland.— The fifth meeting of the session was held on 
24 February, Mr. J. Stoddart, Branch Chairman, presiding. The 
meeting took the form of a “Brains Trust,” Messrs. Low, 
Robertson, Wheeldon and Wright being on the Panel with the 
Branch Chairman acting as the Question Master. Although this 
Branch has had several meetings of this nature, there were a 
number of questions which aroused considerable discussion. By 
inviting the audience to pass comment after the Panel had given 
their answers a lively and instructive discussion was promoted. 
Some of the questions eliciting the most discussion were on the 
subjects of flame cleaning, porosity in arc welds on mild steel, the 
welding of pipe joints on site by gas and arc methods and arc 
welding under water. 


Dundee Section.—The fifth meeting of this Section was held on 
3 March in the Technical College, Dundee, with Mr. R. N. Low 
in the Chair, when Mr. E. A. W. Goodchild of the British Oxygen 
Co. Ltd., London, lectured on “The Repair of Heavy Castings by 
Oxy-Acetylene Welding.” The methods described were fusion weld- 
ing, bronze welding and brazing, and considerable discussion 
followed an excellent lecture. 


Liverpool.—Particulars are now available of the works visits 
and tour of Wirral arranged for 10 June next, when members of 
the Wolverhampton Branch are to join the Liverpool folk on a 
return visit. Ladies are included in this expedition and we are sure 
that the Wolverhampton party are in for a good day. 


Manchester.—At the meeting on 4 January, Mr. J. D. Bolckow 
gave a paper entitled “The Layout and Equipment of .a 
Modern Welding Shop.” The meeting was attended by about 
seventy members and visitors; the Chairman, Mr. I. H. Hogg, 
presiding. 

The lecturer stated that the paper dealt with a shop used for the 
fabrication of structural steel components, the material being mild 
steel, the principal process used manual metallic arc welding and the 
assemblies of a size that could normally be handled by a crane of 
10-ton capacity. A layout was given for a complete new works, 
although the welding bay was also suitable as an additional bay 
for an existing constructional works where some welding had been 
done in amongst riveted work. In the latter case, when access to the 
welding shop was bad, the author considered it better to allow the 
incoming material to go round corners and keep the outgoing 
lines straight. The lecturer then showed, by means of a slide, the 
layout of a welding bay approximately 400 ft. long x 80 ft. wide. 
He described the equipment of the shop, including such items as 
travelling cranes, wall cranes, plate edge planer, folding and 
bending machine, punch, shears, bending roll, etc. The welding 
equipment consisted of five A.C. 6-operator sets and three A.C. 
3-operator ones, all giving 350 amps. at each point. By coupling 
up, this allowed 700 amps. for heavy gauge electrodes. One 30- 
400 amp. D.C. generator set was available for non-ferrous repair 
work. The A.C. sets were fitted with condensers for power factor 
correction. 


The lighting was designed to give 8-ft. candles for the welding 
bays and machines, while 5-ft. candles were considered adequate 
for casual seeing. 


Additional equipments considered necessary by the author were 
two profile burning machines, one straight line burner and hand 
burning equipment with gouging and pre-heat nozzles. He thought 
an automatic metallic arc welder of the open arc type preferable 
to the submerged arc type of equipment, since the former required 
a less accurate set-up and was more versatile. For bridgework and 
structures exposed permanently to the weather a shot-blasting plant 
was necessary, in order to ensure adequate cleaning prior to 
painting. No flash butt welding machine or X-ray equipment was 
included in the layout. 


Mr. Bolckow then described, using slides, structures on which 
welding showed considerable advantages over riveting, emphasising 


the need for a “‘welded” design, and that details of the weld must 
be shown on the drawing. 

The personnel of the shops was next discussed: the author 
showed a “family tree” diagram of 142 men, headed by the manager, 
and dealt briefly with methods of payment and apprenticeship 
schemes. 

Mr. J. R. Ferguson opened the discussion, advocating that more 
time should be spent in this country on considering shop layout 
and planning the progress of the work through the shops. He also 
touched on methods of handling types of equipment and methods 
of payment. A full discussion of this interesting and instructive 
paper followed. 

The Manchester Branch held a very successful dinner at the 
Reform Club, Manchester, on 17 March, the Chairman, Mr. I. H. 
Hogg, being in the Chair. Nearly 100 members and guests were 
present, and the toast of the Institute was propased by Dr. J. S. 
Clarke, O.B.E., to which Dr. J. H. Paterson replied. Other speakers 
included Mr. H. St. G. Gardner, Mr. W. Hart, a founder member 
of the Branch, who replied for the Guests, and the Secretary of the 
Institute, who proposed the toast of the Branch, dwelling upon the 
importance of the role which the Institute’s Branches would be 
called upon to play in receiving the overseas visitors to the Inter- 
national Welding Congress in July 1951. Mr. Graham Adams 
entertained and mystified the company to their great satisfaction. 


Manchester.—The Liverpool and Manchester Branches held a 
joint meeting at the Harris Technical College, Preston, on 
18 January when Mr. J. R. Ferguson gave a lecture on “Production 
Welding” to an audience of approximately 70 members and visitors. 

The lecturer first dealt with the various welding processes 
available to the designer, indicating that one particular process 
was generally superior to the others for the manufacture of a 
certain component. He emphasised the necessity for considering, 
in the early stages, the production problems associated with the 
manufacturing of a component before it went into production 
and for avoiding bias in selecting the welding process to be used. 
He next touched on the question of suitability of shop layout for 
the process chosen and recommended a careful analysis of the 
progress of a component through the shops, to avoid unnecessary 
movement of the work, especially when dealing with larger units. 
The possible use of templates, jigs, manipulators, etc., should also 
be considered. As a general principle, while on heavy plate work 
with possibly difficult welding positions, metallic arc welding was 
often the most suitable process, he advocated serious consideration 
of other welding methods if the plate thickness was 4 in. or less. 

Mr. Ferguson next took a number of processes in turn, and by 
showing typical components explained the field of application 
and suitability of each of these methods of joining metals, briefly 
describing the equipment used. 

The lecture was illustrated by a number of excellent slides and 
an interesting discussion followed. Mr. Davenport (Liverpool 
Branch) proposed a vote of thanks to Mr. Ferguson and Mr. L. H. 
Hogg, Chairman, in a brief speech explained that it was hoped to 
form a Preston Branch of the Institute. e 

South London.—-The fourth annual dinner of the South London 
Branch was held at the Charing Cross Hotel on Monday, 20 March 
last. The Chair was taken by the Chairman of the Branch, Mr. J. A. 
Matthews, M.I.Mech.E., and the principal guest was Mr. J. 
Calderwood, M.Sc., M.I.N.A., who proposed the toast of the 
Institute. The Vice-President, Mr. C. S. Milne, replied, and other 
speakers included Mr. E. Seymour Semper, President of the 
Branch and Mr. R. B. Shepheard, C.B.E., Principal Ship Surveyor 
of Lloyd’s Register of Shipping and Aircraft, who gave a brief 
but most interesting account of the progress of welding in ship 
construction as he had seen it first in Germany, then in California 
and finally in England during war and peace conditions. It was 
announced that Mr. E. F. Burford was resigning the Honorary 
Secretaryship of the Branch; which he had held for three years, 
and the company enthusiastically joined in musical honours for 
him and the Chairman, while wishing the in-coming Secretary, 
Mr. A. J. Elliott, a very successful term of office. Entertainment was 
drovided by Mr. Gordon Turner. 
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Wolverhampton.—It was a pleasure for the Branch to hear once 
again Mr. S. M. Reisser, B.Sc.(Eng.), A.M.LC.E., M.LStruct.E., 
who addressed an audience of one hundred at the February meeting, 
at Wolverhampton. 


His subject at this meeting was “Some Applications of Arc 
Welding in the Structural Industry,” and illustrated some of the 
many ways in which designs based on welded construction could 
reduce the weight of steel required in new buildings and in the repair 
and strengthening of existing structures. 


Some excellent lantern slides showed constructional details 
and work in progress on a number of steel frame buildings, includ- 
ing the Monitor and High-Low types which, though confined at 
one time to the Continent, are now being used to an increasing 
extent in this country. A notable example shown was of the new 
buildings of the Steel Company of Wales’ Margam Abbey Works 
now nearing completion. 


Designs of welded roof members were compared, among them 
being the Murex, Vierendeel, Massillon, R. Type, Presweld and 
the Castellated or Boyd Beam. 


Mr. Reisser said that one of the essentials in producing an 
efficient welded construction was to eliminate eccentricity in 
connections, and this was often achieved by the use of tees either 
alone or in combination with tubular members. The clean lines 
offered by these welded connections made painting and general 
maintenance a much easier proposition, so that not only was there 
a saving in first cost on material but there was also a reduction in 
maintenance cost during the whole life of the structure. 


The lecturer described some very interesting repair and recon- 
struction contracts, including the reconstruction of Finchley 
Road Station, London, and a number of factory alterations made 
without affecting the work of the factory. 


A lively discussion, opened by Mr. A. L. Hale, followed the 
paper, and a vote of thanks to Mr. Reisser was proposed by 
Mr. A. L. Hale, and seconded by Mr. L. Hassall. 


The function which, perhaps, gives the greatest pleasure to the 
Wolverhampton Branch Chairman during his year of office is the 
Annual Ladies’ Night, when he is able, with his wife, to meet 
Branch members, their wives and their friends, and to share with 
them an evening of relaxation and pleasure. 


As last year, the 1950 event, held on Friday, 3 February, took 
the form of a Dinner and Dance, but with a change of venue to 
the Wolverhampton Civic Hall, by far the largest hall in the town; 
this enabled the record number of 375 to attend the dinner, while 
over 400 took part in the dancing afterwards. 


Among the guests were the Mayor and Mayoress of Wolverhamp- 
ton (Councillor H. Bowdler and Mrs. Bowdler), the Vice-President 
of the Institute, Mr. C. S. Milne, and Mrs. Milne, the Secretary 
of the Institute, Mr. G. Parsloe, the Director of the British Welding 
Research Association, Dr. H. G. Taylor, and Mrs. Taylor, the 
Chairman of the Birmingham Branch, Mr. R. E. G. Weddell, 
and Mrs. Weddell, Mr. J. Strong (Member of Council), and Mrs. 
Strong, and Mr. N. L. G. Lingwood (Member of Council). 


Mr. C. H. Onions, Branch Chairman, in a short after-dinner 
speech, said that it gave his wife and himself very great happiness 
to welcome the ladies and visitors. The Mayor of Wolverhampton 
replied for the visitors, and Mr. C. S. Milne offered a graceful 
little response in rhyme on behalf of the ladies. 

Harold Jones and his orchestra provided music throughout the 
evening. 

The arrangements were in the hands of Mr. C. H. Onions and 
Mr. E. Flintham, who received many sincere congratulations on 
the complete success of the event, the largest that has so far been 
organised by any Branch of the Institute. 


At the January meeting the Branch heard a most interesting 
paper entitled “Technique and Experiences in Under-Water 
Welding and Cutting,” by Mr. D. P. Davies, chief diver of Messrs. 
Underwater Welders and Repairers Ltd., London. 

The Branch Chairman, Mr. C. H. Onions, introducing Mr. 
Davies, reminded members that although under-water welding and 
cutting was rarely practised in the Midlands area, much of the 
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pioneer work had been carried out by the late Mr. W. R. Gloss, a 
greatly missed former Vice-Chairman of the Branch. 

Mr. Davies spoke first of the physical handicaps of working 
under water, where the equipment essential to diving, by reason 
of its weight and bulk, hampered all the movements of the operator 
and slowed them down considerably. 


The safety aspect was of prime importance, all electrical apparatus 
being of necessity insulated from the water to eliminate danger to 
the diver and also to avoid wastage of current. The diver must wear 
rubber gloves, although these need not be tight fitting. On the 
average the under-water welding current values exceeded surface 
ones by about 20 per cent., but it was advisable to keep the current 
and voltage as low as possible to maintain a quiet arc and avoid 
spatter. 

Touch welding was a great feature in most positions for under- 
water welding, since this technique was advantageous; the main- 
tenance of an orthodox welding gap was obviously difficult, when in 
downhand welding the buoyancy of the water lifted the welder’s 
arm away from the work and in overhead welding the reverse 
took place. 


The electrodes were finally insulated with an outer wax coating 
and were gripped in the holder by a screw device instead of a 
spring, thus relieving fatigue. The awkwardness of overhead welding 
was reduced by a type of electrode holder in which the rod fitted 
in the end of the holder, thus being in line with, instead of, at right 
angles to it. This removed the need for bending the electrode, 
which was bad practice, especially as the wax coating cracked and 
allowed leakage of current. 


Another handicap to overhead welding was that if the diver lay 
on his back, apparently the best position, the air escape valve on 
his helmet was throttled. It was therefore better for him to lie 
slightly on his side. It was essential also that the air should escape 
freely, well away from the welding region, for if bubbles collected 
under and around the weld, sticking and overheating would take 
place. The position the diver assumed must take this into account. 


Among the devices developed to facilitate work under water 
was the Temple Cox submarine gun, which, by means of a cartridge, 
fired bolts and studs into steel plates so that cover plates might be 
easily affixed where required in repair work. Another item recently 
introduced was a 250-watt. mercury vapour lamp, developed 
especially for under-water work, which took its supply from 
portable generators on the surface. 


Mr. Davies then dealt with metal cutting. Right from the early 
days an oxy-hydrogen cutting torch had been used for under-water 
work, the choice of hydrogen in place of acetylene being enforced 
by the instability of acetylene gas under the pressures produced 
by the head of water. 


Even the modern under-water gas cutting torch was of consider- 
able bulk and difficult to handle, so that there had been developed 
an arc-cutting device, much smaller and easier to manipulate. The 
electrode was a hollow carbon, insulated to prevent escape of 
current, and copper sheathed to permit the use of maximum 
current values without overheating. Oxygen at 60 Ibs. per sq. in. 
was supplied through the carbon, and was controlled by an auto- 
matic valve, so that it flowed only during the passage of the arc. 

This was of great benefit to the diver, since on long cuts, which 
might have to be made in a number of consecutive lengths, he could 
locate the end of the cut so far made by means of his fingers, place 
the electrode exactly for recommencing, and then strike his arc. 
Such an operation with oxy-hydrogen cutting was much more 
uncertain and dangerous, since the fingers locating the cut might 
easily be burned with a gas torch. The arc cutter was also far more 
easily manipulated in awkward corners. 

The lecturer described how men were trained for under-water 
welding and cutting in specially constructed water tanks. Unsuit- 
able men were easily picked out by about the third day. Divers 
when experienced could maintain about six hours of work at a 
stretch in warm water, with shorter times in cold water. Tides 
naturally affected the diving time and speed of working. 


Up to the present, Mr. Davies stated, under-water welding had 
been confined almost exclusively to mild steel, the only exception 
being a small amount of work on cast-iron, on which the results 
were not particularly good; the maximum depth at which welding 
and cutting had been carried out so far was about sixty feet. 





April, 1950 


Three interesting films illustrating salvage repair and dis- 
mantling work were shown after the paper. 

The discussion was opened by Mr. D. Llewellyn, and the vote 
of thanks to Mr. Davies was proposed by Mr. J. R. Thomas and 
seconded by Mr. F. Jukes. About 76 members attended. 


North London.— Mr. H. V. Hill, M.Sc., A.M.1.C.E., A.M.1. 
Struct.E., Vice-Chairman of the Branch, gave a paper on “The 
Welding Industry” at the meeting at Slough on 16 February. 

Mr. Hill said the traditional method of welding metals on the 
blacksmith’s forge had often been in doubt in regard to strength, 
and engineers had devoted a great deal of thought to the problem 
of joining metals by consolidation without danger of failure in 
service. 

Some of the early attempts with electric welding, for example, 
were directed towards an improvement of forge welding, by using 
electrical energy for heating up the component parts to be joined 
and subsequently completing the welding on the anvil. 


One of the earliest commercial forms of electric welding was the 
Bernados system, a form of carbon arc welding in which current 
was taken from a battery of electric cells. This was used in Russia 
between 1885 and 1890. 


Slavianoff, also a Russian, followed with an English patented 
metallic arc process in 1890 and afterwards Kjeliberg, a Swede, 
patented the forerunner of the modern arc welding rod in 1907. 


Others followed, and patents for various types of arc welding rod 
were plentiful both here and in the U.S.A. One of the most 
important developments was the extrusion process of producing 
electrodes. The credit for this development, which facilitated mass 
production of electrodes, had been claimed by Mr. E. J. Clarke, 
who began to use this method in 1918. 


The gas and resistance welding processes had also progressed 
steadily from about the year 1900, although the latter suffered 
from a delayed start. Thermit welding was introduced by Gold- 
schmidt about 1900 and had not greatly developed since then. 


The inter-war period brought apathy, and the extensive use of 
welding in industry was curtailed. Even so, a number of enthusiasts 
continued to improve its various processes. The Institution of 
Welding Engineers was founded in 1923 and became the Institute 
of Welding in 1935. Today the Institute had nearly 5,000 members, 
including students, welders, technicians and managers. 


Side by side with developments in welding were developments in 
gas-cutting. As far as heavy construction work was concerned, 
welding owed a great deal of its advancement to gas-cutting 
efficiency. The outstanding achievements of welding during the 
1939-45 war greatly enhanced the prosperity of the welding industry 
and resulted in enormous improvements in technique. Welding 
research also began to expand. 


Resistance welding processes were greatly improved during the 
war, and spot, seam, projection and flash-butt welding were used 
extensively for war production. Today these same processes were 
being put to peace-time use. 


Welding Today in Industry 

There is hardly any industry today, Mr. Hill continued, where 
welding, in one form or another, had not found a place. Naturally, 
in some industries, notably the engineering ones, it occupied a 
very important place. The tendency today was for more and more 
mechanisation and welding had not been backward in this respect. 
Both arc and resistance processes could now be made fully auto- 
matic. Manual welding was still employed for the bulk of fusion 
welding in Britain, but it must, of necessity, yield to automatic 
welding in production work as time went on. Repair work would, 
of course, nearly always call for manual gas or arc welding. 


The position of welding in industry might be summarised by 
saying that, today, one of the first questions asked about any new 
metal or alloy was “Is it weldable?”’ 


Thus the term “‘welding industry” was really a misnomer, since 
welding was used in almost every industry. 


Emphasis was, therefore, laid on the fact that welding had 
been applied to all engineering work where metals are used. It 
was, today, frequently indispensable, having absolutely replaced 
the older methods of casting or riveting. An idea of the economy 
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resulting from the introduction of welding could be obtained from 
the following figures of savings in weight of steel. Savings in man- 
power are also frequently very appreciable: 


Saving in wt. of 
Item steel per cent 
Shipbuilding (welded over riveted) - 3 12 
Structural steel work (welded over riveted) 3 12-15 
Steel bridges (welded over riveted) : . 12-20 
Railway wagons (welded over riveted) —.. . 15-20 
Machine construction (welded over cast) . . ys 10-30 


In the lighter industries, often when non-ferrous metals were 
being used, welding had been found to offer the most satisfactory 
method of fabrication and its employment was widespread. 


The paper was accompanied by a number of slides and 
illustrations. 


BOOK REVIEWS 


Weld Design, by Harry D. CHURCHILL and JoHN B. AusTIN. 
Pp. 216. Prentice-Hall Inc. 1949. 


This book deals mainly with welded machine bases. It begins 
with a description of engineering materials used in their manu- 
facture. Different types of iron, steel and non-ferrous castings, and 
various materials suitable for fabrication by welding are described 
and compared with regard to their chemical analysis, their 
mechanical properties and their suitability for many constructional 
purposes. 


In the chapters which follow some typical welded assemblies 
are described, and design layouts, stress analysis, etc., for different 
types of machine parts are shown and discussed. 


Unfortunately more is said about what can be done than about 
how to do it, and whilst the advantages of using welded construc- 
tion are stressed, little is said about its limitations. This seems a 
deplorable omission, as failure due to the application of welding 
to an unsuitable case can do a lot of harm to the cause of welding, 
which the authors have at heart. 


Photographs and descriptions of many successful fabricated 
machine bases give the reader an interesting cross section of what 
has been achieved in this field in the United States, and a chapter 
on how to specify welds on drawings concludes the first part 
which forms about one half of the book. 


The second part contains a survey of the manufacturing pro- 
cesses, flame cutting, flame hardening, welding by various methods, 
and a chapter on cost estimating. This latter is of particular interest 
and importance as it stresses the value of a designer’s knowledge 
of costing, and of his ability to produce designs which are not 
only technically efficient but economically competitive. 


In an appendix there is a collection of tables showing the well- 
know typical cases of stresses and deflections in beams under various 
conditions of loading and support, weld stress formulae, load 
carrying capacity of fillet welds, and minimum fillet weld sizes 
for different plate thicknesses. These are of considerable value for 
direct application by the draughtsman who will not have to search 
for them in different handbooks and publications. Some further 
information on permissible working stresses in welds under 
different loading conditions would have been welcome, and it 
appears unfortunate that nothing has been mentioned about the 
application of resistance welding, which in suitable cases has been 
successfully used by designers of machine parts. 


The values of minimum fillet weld sizes quoted in one of the 
tables appear to be based on rather conservative practice and are 
much higher than those recommended in American or British 
publications and specifications subsequent to 1941. 


In a textbook intended to be studied by newcomers in the field 
of weld design a more detailed manner of dealing with the problems 
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of design, an approach from first principles as it were, may be more 
effective. It seems. strange that in a textbook specifically termed 
“Design” the authors devote more than half of the book to the 
detailed and extensive description of manufacturing processes. 
Should not a brief survey be sufficient, which only recalls to the 
reader’s mind the available manufacturing methods? The detailed 
description of different types of electrode coatings, or the various 
means of solving the problems of automatic arc welding, the 
design of welding manipulators and fixtures, 14 pages of pictures 
showing samples of flame cut profiles and of shapes produced by 
forming and bending, might be appropriate to a handbook on 
workshop technology, but could have been treated in a much 
abbreviated manner in a text book on design. 


It would appear to the reviewer that, rather than being a text- 
book on weld design, the book gives an extremely interesting cross 
section through the American approach to fusion welding in 
general and to its application in machinery manufacture in 
particular. As such it should be of great interest and value to all 
who are concerned with the development and application of 
welding in machinery design and construction. 

F. K. 


Electric Resistance Welding, by H. E. J. Butter. Pp. 182. Illus. 
George Newnes Ltd. 17s. 6d. 


A book on this subject could, with advantage, be divided into 
two sections: first the basic theory of the resistance welding pro- 
cesses needs to be explained in detail in association with the 
metallurgical changes which take place in the various metals 
during the formations of welds. Also included in this section 
should be some of the practical “snags” which arise in production 
applications and which have to be overcome, quite often by 
departing somewhat from theoretical standards. In particular, 
it is, in the reviewer's opinion, essential to relate all recommended 
machine settings, for whatever process of resistance welding is 
involved, to secondary current figures. 


The subject has not been tackled on these lines, and it is very 
noticeable that in Mr. Butler’s book there is yery little mention of 
secondary current values, and no tables of recommended machine 
settings which include this information. Nor are the more simple 
methods of measuring this most important variable in any resistance 
welding set up even discussed. 


The relationship of secondary currents to welding time, pressure, 
and electrode contour is the essential information required by 
resistance welding engineers, and any book which neglects this has 
failed in meeting the real need. 

The second section of the book could then deal with the electrical 
engineering side of the construction and operation of resistance 
welding machines. The problem of power supply to resistance 
welding machines could there, with advantage, be dealt with in 
greater detail and taken somewhat further than the author has 
done in this book. 


It is most noticeable, on reading through this book, how large a 
section is devoted to detailed explanations of various types of 
intricate control equipment; such information is not the best 
subject for a text book when it can, when needed, be obtained from 
the manufacturers. 


Two points which appear to require modification should be 
noted. On p. 158 the author indicates that it is “pressure” which 
controls the flashing stage of the flash butt welding process; surely 
it is “speed’’ of moverrent which is fundamental. Pulsation welding 
is recommended by the author for spet welding heavier steel 
sections, but in this connection reference should certainly be made 
to the comprehensive series of tests carried out some years ago by 
one of the American universities, which appeared to prove quite 
conclusively that there was little if any advantage to be gained from 
the use of this process. 


_H. S. G. G. 


Les Soudures, by D. SEFERIAN. Pp. 261. Sfelt, Paris. 1948, 


This book retains only the outlines of an earlier work by 
D. Séférian and G. Franche, published in 1931, but has been 
_ completely revised by one of the authors. The title is perhaps too 
general, since the work is restricted to gas welding, electric arc 
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welding, brazing and soldering, and there is scarcely a mention 
of argon-arc welding, atomic hydrogen welding, nor of all the 


processes of resistance welding. 


The book is divided into five sections dealing respectively with 
oxy-acetylene welding, electric arc welding, metallurgy and weld- 
ability, properties and testing of welds, and a short final section 
on other applications of the oxy-acetylene flame. 


In general, the treatment is rather elementary, and the accent 
is on the underlying metallurgical and chemical principles involved 
in welding. The book will probably be of most use to welding 
engineers who wish to acquire some knowledge of these principles. 
Within this limited scope, the subject matter is presented with the 
logic and clarity which we have been led to expect from this 
author. It seems unlikely that the book will have much appeal 
outside France, and indeed reference is made only to the work of 
French authors. 


A few points of detail are perhaps worth noting. On the one hand, 
many useful formulae are quoted for the calculation of cost and 
consumption of basic materials for the various processes. In 
addition, a classification of defects found in weld metal is quite 
useful. The section on testing is adequate, and includes a description 
of the micro-mechanical testing of welded joints developed by 
Chevenard. On the other hand, several mistakes have found their 
way into the text, apparently due to lack of care in editing. More 
important than this, the subject matter is not always uniform 
in quality. For instance, while the section on oxy-acetylene welding 
is good, the section on electric arc welding could be improved 
by more detail of the equipment used and the electrical character- 
istics of the arc. In the same section the description of electrodes 
used for the electric arc welding of steel needs bringing up to date 
with respect to such developments as extruded coatings, lime- 
ferritic electrodes and deep-penetrating electrodes. 

K. W. 


Questions and Answers on Electric Arc Welding, by E. CRAWFORD. 
Pp. 112. Illus. George Newnes Ltd., 5s. 


As the title suggests, this book deals with the theory and practice 
of electric arc welding by means of selected questions and answers. 


The book is divided into eight sections, dealing with Principles, 
Plant, Electrodes, Welding Methods, Technique, Automatic 
Welding, Welding of Non-Ferrous Metals and Examination of 
Welds. The questions set in each section are fairly well chosen and 
the answers given are reasonably sound, with a few notable 
exceptions. For example, the answer given to the question on the 
“necessity of removing flux residues from welded aluminium sheet”’ 
is very poor. 

The 285 questions and answers, along with the many diagrams 
that the book contains, are likely to be most useful to welding 
mechanics and to students of welding, particularly those studying 
for the City and Guilds examinations in welding. 

V. W. C, 


COURSE ON “SPECIAL WELDING PROCESSES” AT 
MANCHESTER COLLEGE OF TECHNOLOGY 


Welding processes other than those generally used in the average 
welding shop formed the subject of a post advanced course of 
eight lectures and demonstrations recently held at the Manchester 
College of Technology. 


The following processes were described and discussed by expert 
lecturers from the welding industry: automatic arc, atomic 
hydrogen and argon arc welding, flame brazing of aluminium, 
powder cutting, and welding of plastics. Practical demonstrations 
were given of all processes except the automatic arc welding and 
the powder cutting process, in addition to the lectures and dis- 
cussions. Each subject was dealt with under the headings: Theory 
and Plant, Application (Technical and Economical Aspects), 
Special Design Considerations (if required), Welding Technique. 

The interest shown in the course amply justified its provision. 
In spite of the variety of subjects, some of which were perhaps of 
less interest to people particularly concerned with one of the 
others, over 70 people, mostly in senior positions in industry, 
enrolled for the course, the average attendance at the lectures 
and demonstrations being over 60, i.e., over 80 per cent. 
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HENRY M. SCHNADT'S IDEAS ON STRENGTH OF 


MATERIALS AND TESTING METHODS 


AN ACCOUNT OF M. HENRI M. SCHNADT’S IDEAS 
ON THE STRENGTH OF MATERIALS, AND 
HIS TESTING METHODS 


By 


R. Weck, Ing., Ph.D.* 


PREFACE 


M HENRI M. SCHNADT is a consulting engineer from 
«Luxembourg, resident in Belgium, who has developed a novel 
method of testing materials based on some very interesting original 
ideas. He delivered a lecture to the Institute of Welding in London 
on 30th November, 1949, which aroused considerable interest, and 
many requests for reprints of this lecture were received. 


M. Schnadt, however, had made it clear that he could not 
afford the time to submit his lecture in writing because he was at 
present engaged in writing a book which he could not hore to 
complete within a reasonable time if he complied with all the 
requests for articles and papers received from all over Europe, 
where his new testing method is being used industrially in the 
development of better constructional materials and where his 
ideas are applied in the design and construction of steel structures. 


In view of this position, the present author, who had the 
privilege of becoming acquainted with M. Schnadt and his ideas 
some two years ago, was asked to prepare an article based on the 
shorthand transcript of the lecture. He has assumed this onerous 
task in the knowledge of being liable to incur both the disfavour 
of the lecturer and the censure of the reader. 


The originator of new ideas may feel that he is being mis- 
represented, that his ideas are being badly expounded and over- 
simplified, that the unimportant is over-emphasised, and that what 
is important has been ignored by the rapporteur. The reader's 
criticism will be directed at the rapporteur as much as at the 
lecturer, if criticism can be levelled at the subject matter, because 
the reader inevitably forms the impression that the rapporteur’s 
own views must be identified with those he is recording. In this way 
the rapporteur gets the worst of both worlds, however much he 
may have tried to give a faithful report of somebody else’s work 
and however much his own views may differ from those he reports 
upon. 


The rapporteur, moreover, is in a far worse position to answer 
criticism than the lecturer, because it is impossible for him to 
know all the experimental evidence upon which these new ideas are 
based as well and as completely as the originator, who alone can 
be expected to answer criticism. The writer may be criticised even 
for having attempted to give an exposition of ideas which, by 
many, will be considered obnoxious and obscurantist, ideas which 
have given rise to much controversy in other countries and will, 
undoubtedly, give rise to much criticism here, not necessarily 
always rooted in objective scientific reasoning alone. 


There can be no doubt that our conventional methods of testing 
and judging materials and our methods of structural analysis, 
upon which we base what we consider the “‘safety’’ of a structure, 
are not only antiquated and rather naive, but frequently completely 
useless. There have been many attempts here and elsewhere to 
reform what may be termed the “science of the strength of 
materials.’’ New theories appear with regularity every year. These 
fall in one or other of two categories: mechanistic or atomistic. 
There is a general feeling of disappointment with what are often 
termed “crude” mechanistic theories and the hopes for progress 
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of the more enlightened are now placed on the atomistic theories 
of metal physics. These, however, have also proved singularly 
fruitless and disappointing, at least in respect of the complex 
everyday problems of the metallurgist and the engineer. 


These, as far as materials are concerned, are problems of their 
behaviour under conditions which are defined mechanically. The 
problem of the metallurgist and engineer in the end is the economic 
production and proper choice of materials which will not fail 
under mechanically defined conditions. If this is so, one may ask 
whether it is justifiable to expect a solution of these problems 
from considerations of the atomic lattice and its dislocations or 
whether a phenomenalistic theory, based on mechanical concepts 
yet different from those of the theory of elasticity, will not in the 
end be found more useful, if not, perhaps, more real in the physical 
sense than the ideas we use now. 


A theory such as M. Schnadt’s, which is an attempt to establish 
a direct relation between numerical results obtained in simple 
tests and the behaviour of the structure, may prove to be of great 
value in the solution of industrial problems. Whilst the Schnadt 
test is very simple in execution, the small volume of material 
tested is subjected to conditions which, in their entirety, are as 
severe and as complex as those prevailing at critical points in the 
structure. 


M. Schnadt’s ideas are mechanistic and of such simplicity 
that those of us who have accustomed ourselves to regard the 
frightening complexity of the problems that confront us in a 
rather helpless sort of way, grow instinctively suspicious. Surely, 
we argue, problems which have baffled so many of us for so long 
could not be capable of such simple solution. One feels that 
things must be far more complex than that. For, once one has 
learnt the meaning of the dozen or so new words, which M. Schnadt 
has found himself compelled to introduce as a sort of “short- 
speak" for conceptions which would otherwise require several 
explanatory sentences every time they are used, the simplicity 
of it all is revealed. 


On first acquaintance with M. Schnadt’s ideas, most people have 
the feeling that things are made complicated by these new words, 
or that he sets out purposely to surround his ideas with an aura of 
mystery by using words whose meaning nobody knows. This is 
far from the truth. These words, once one knows what they mean, 
are indispensable in discussing his ideas. It has been a common 
experience that even the most sceptical critic will start using these 
words without a moment’s hesitation once he knows the meaning 
of them. 


M. Schnadt’s system applies to conditions of static loading 
and impact loading alone. Fatigue loading, creep and corrosion 
are subjects on which he does not at present express any opinion, 
though the author has little doubt that these important problems 
which can be grouped under those three headings, have not 
entirely hidden their existence from him. 


If M. Schnadt himself feels that he cannot discuss his own ideas 
adequately in other than book form, it is clear that the present 
article which, moreover, is only second hand, will te most in- 
adequate. It follows fairly closely M. Schnadt’s lecture, which was 
divided roughly into three parts, the first dealing with theory, the 
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second with testing technique and the third with applications and 
results. Whilst all this was compressed into little more than sixty 
minutes, M. Schnadt managed to show about sixty slides of which 
only thirty could be reproduced here. The author has taken the 
liberty of omitting whatever was not perfectly clear to himself 
and of being more expansive than the lecturer on some points, 
which it was felt required more detailed discussion for proper 
understanding than they received in the lecture, where the time 
was severely limited. Apart from these deviations, this is a faithful 
report of M. Schnadt’s ideas, as far as the author understands 
them. The manuscript was submitted to M. Schnadt, who read it 
and suggested a number of modifications, but it must be made 
clear that M. Schnadt cannot be held responsible for anything 
stated in this account. 


It only remains for the author to express his sincere thanks to 
M. Schnadt for all the help received and for his generosity in 
permitting this account to be published. M. Schnadt was most 
co-operative in providing all the illustrations and his patience with 
the author in discussions which went on for hours was deserving 
of admiration. 


1. THEORETICAL CONSIDERATIONS 
PLASTICITY AND BRITTLE FRACTURE 


There is one basic convention underlying the design of all 
engineering structures at the present time. This is the limitation 
of the stresses sustained by the structure in service to permissible 
stresses laid down in regulations. Structures designed in this way 
are assumed to work entirely in the elastic region of the material, 
that is, the stresses in the structure under normal service conditions 
are supposed not to exceed the elastic limit of the material. It is 
further assumed that a structure so designed has a safety factor 
given by the ratio of the failing stress of the material in mono- 
axial tension to the permissible stress, and that if this safety factor 
is n, the service loading could be increased to n-times its actual or 
assumed value before the structure will be in a dangerous condition. 


These naive ideas have received one nasty jolt after another 
during the last thirty years. It is almost universally recognised 
now that it is impossible to limit the service stresses to the elastic 
limit of the material, because inevitable changes in section and 
discontinuities which cannot be taken account of in the calculations 
will produce local stress increases—stress concentrations—which 
may be far in excess of the elastic limit as determined by the 
ordinary tensile test. There is probably no metal structure in 
existence to-day which works entirely in the elastic region, and 
the real safety of any metal structure depends on the plasticity 
of the material. 


The over-riding importance of the plasticity of the material 
for the safety of engineering structures has been demonstrated in 
recent years by a number of spectacular disasters. These failures 
occurred largely in welded structures—though riveted structures 
are by no means entirely immune—constructed from mild or semi- 
mild steel. These structures, made from a material apparently so 
ductile in the tensile test, failed in a completely, or almost com- 
pletely, brittle manner. It is known now that these failures occurred 
because, for some reason or another, the material had lost its 
plasticity or was subject to conditions in which it could not exhibit 
plastic behaviour and failed by brittle fracture. 


There are two principal types of failure, fracture by shear and 
fracture by separation or brittle fracture. Fracture by shear occurs 
after considerable plastic deformation and absorption of energy 
along planes roughly under 45° to the direction of the largest 
principal stress. The surface of fracture is of a smooth, silky 
appearance. Brittle fracture takes place in planes normal to the 
direction of the largest principal stress and is not preceded by 
any plastic deformation. This type of fracture exhibits a coarsely 
crystalline appearance. There is a third type of fracture, brittle 
fracture after plastic deformation. This also takes place in planes 
normal to the direction of principal stress and exhibits the same 
coarsely crystalline appearance of brittle fracture proper, but 
secures after some degree of plastic deformation. 
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PLASTIFYING POWER 


The view is now commonly accepted that one factor influencing 
the plastic or brittle behaviour of a material is the configuration 
of the three principal stresses acting on it. Certain configurations 
of stress will produce the onset of plasticity at a smaller value of the 
largest principal stress than other configurations. To characterise 
the stress configuration, M. Schnadt has introduced a dimensionless 
quantity II called Plastifying Power. Plastifying power is defined by 


N= Vl+n+ 3 — om mm 


In this expression the variables n2 and 73, called stress ratios, are 
the ratios 
oe T%4 
m= n3=— 
Ls | v7} 


The three principal stresses which characterise the state of stress 


at any point in the stressed material are 71, «r2, «73 in descending 
order of magnitude. 


It is generally held that a state of stress in which the three stresses 
are equal (¢,;=02 = 03; n2 = n3 = 1)—either compression or 
tension—completely inhibits plastic deformation. In this case the 
plastifying power vanishes, as can be seen if n.=;=1 is sub- 
stituted in the above expression. It will be seen later that for 
steels the plastifying power need not decrease to zero and plasticity 
may be inhibited already for values of II greater than zero. Plastify- 
ing power may be considered a numerical expression for the 
influence exerted by a given stress configuration on the plasticity 
of the material. The smaller the plastifying power of the stress 
configuration, the higher must be the largest principal stress to 
produce plastic flow and the greater is the danger of brittle fracture. 
The higher the plastifying power the smaller is the largest principal 
stress necessary for the onset of plasticity. 


Since the two stress ratios m2 and 3; can vary only between 
+1 and —1, the plastifying power for all conceivable states of stress 
lies between zero and two (0«1[«2). 


HEMITROPIC, DIOTROPIC AND EQUILATERAL 
STRESSES 


Because certain states of stress for which the stress ratios assume 
specific values are of particular importance, due to the frequency 
with which they occur in engineering structures, M. Schnadt has 
introduced three new terms to characterise certain states of stress 
for which there are certain definite relations between the stress 
ratios. 


Hemitropic stresses are those for which »,=4 (0;+0;) 
and hence n2= 4 (1+7n;) 


Equilateral stresses are those for which ¢,=¢, 
and hence m=n3 
Diotropic stresses are those for which ¢=o 


and hence : 


n2==1 


Hemitropic stresses have an important property. If the partial 


ieRek I ; 
derivative all vanishes, thus 


9n2 


ail _2n—n—1 _9 


an2 <I 


the condition »,= 4 (1-+-n,) is obtained, which is the condition 
for hemitropic stresses. This means that for any given value of 
n3 the hemitropic stresses are those for which the plastifying power 
is a minimum. If now plastifying power is understood to govern 
the plastic behaviour of materials, and if plastifying power for a 
given », is a minimum for hemitropic stresses, the worst states of 
stress which can be encountered in engineering structures are 
hemitropic stresses because they are associated with minimum 
plasticity. If, on the other hand, an engineering material can be 
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shown to exhibit satisfactory behaviour under the worst type of 
hemitropic stress that can be encountered in practice, the material 
must be satisfactory under all conceivable service conditions. * 
it will be seen further on that M. Schnadt claims that hemitropic 
stresses are realised in his new test pieces. If, therefore, test results 
with the new test pieces are satisfactory, the material must, ipso 
facto, be satisfactory in service. 


THE BASIC DIAGRAM OF A METAL 


It is a well-recognised method for the solution of problems in 
higher mathematics, to make an intelligent guess at the solution 
from such conditions of the problem as are known and then to 
find out whether the guess is a solution of the problem. If the 


> 
2 Plastifying 


=> 
2 
< 
o 


> 


O Ooyrca Ora 
Maximum Principal Stress O1 


Fig. |. Basic diagram of a homogeneous and isotropic metal on the 
assumption that the deformation is stapirectiplastic and that straining 
speed v and testing temperature t are constant. Loci of copolar point 
and transpolar point for changes in testing temperature. 


first guess is wrong, a second and perhaps a third guess must be 
made or perhaps by small modifications here and there the first 
guess can be made into an exact solution, or if not, at least into 
a tolerable approximation. This method of solving problems is 
used by engineers almost to the exclusion of all others because 
here are no others. This, undoubtedly, was the method used by 
M. Schnadt in arriving at his Basic Diagram of a metal. 


The service conditions of an engineering structure are defined 
by the state of stress, the state of strain, the service temperature 
and the speed of straining. The problem to be considered is this: 
if these service conditions are known, how will a given material 
of a given chemical composition, in a given state of heat treatment 
and with a given metallographic structure react to these service 
conditions? 


If it be assumed to begin with that service temperature and 
straining speed are constant and that plasticity and rupture can be 


*This, of course, excludes fatigue, creep and convention. . 


M. HENRY M. SCHNADT’S IDEAS ON STRENGTH OF 


MATERIALS AND TESTING METHODS 13 


defined in terms of plastifying power II and maximum stress 
(> 0), one might try to characterise the inherent properties 
of the material by lines in a Iy,, diagram. 


There is first of all a line to be drawn separating the states of 
stress which permit the material to behave elastically from those 
for which plastic deformations must occur. This might te a curve 
such as curve A in Fig. 1. Since every material will rupture eventu- 
ally after plastic deformation when the stress ;-, goes On increasing, 
there must be one—or perhaps several—rupture lines. Since for 
low values of the plastifying power brittle fracture occurs without 
prior plastic deformation, line A must terminate in a point Jo 
called Copolar Point by M. Schnadt. The ordinate of this point, 
which is a definite value of LI, is called Endobrittieness and designated 
‘bo,vt, the sufffx 0 indicating that this point lies on curve A, the 
curve of inception of plasticity, and the suffixes » and ¢ indicating 
that this value obtains for a definite straining speed v and a definite 
service or testing temperature ¢. The abscissa of the copolar point 
is called Coactive Resistance and designated op rca. Endobrittleness 
is a constant for a material in a given state and at a certain tempera- 
ture and straining speed. 


The copolar point must now be joined in some way to the 
curve of rupture R by some other curve, say C. The point Nr 
called Transpolar Point, has co-ordinates Ag yt, called Decohesion 
Level, and oR,A called Transruptive Resistance. There are actually 
three distinct lines of rupture pertaining to hemitropic, equilateral 
and diotropic stresses respectively, and three transpolar points 
close together. However, this, though an indispensable elaboration, 
may be ignored for the present because it is not vital for the 
understanding of what follows. 


It can be seen now that for ail values H>Ar,vt shear fracture 
occurs. States of stress for which ‘hp,vi<Il<Ar,vt will produce 


brittle fracture after plastic deformation and values of I] < Po,vt, 
must result in brittle fracture without prior plastic deformation. 


So far the “solution” of our problem is in broad agreement 


Maximum Principal Stress 


Fig. 2. Basic diagram of a metal and maxistress curves. 
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with experience. It must not be assumed, however, that the basic 
diagram can be determined experimentally in its entirety. The 
position of some of the cardinal points can be checked experi- 
mentally with a very good degree of approximation. The basic 
diagram in the first place is merely a mental picture which is 
exceedingly useful as will be seen further on to visualise in one 
glance, as it were, certain complex relationships. 


The point Ap on curve A for instance, is one of the points 
which can be determined experimentally. The plastifying power for 
this point is 1, it is, therefore, the yield point of the material in 
simple tension (cp p,,). The equation for curve A in the Il—o, 
co-ordinate system can also be given. This is 


loop. = const. * 
where Gop. is the yield point pertaining to a given Il-value. The 
constant is obtained for o, = cop; and II = 1 

1-copi const. 
and hence 

Hvop.n == cor, 
The curve of initial yield given by this equation is an accurate 
representation of experimental results on the yield point of metals 
under various complex stress conditions obtained by various 
investigators over the past thirty years. The curve II copy, = const. 
is an equilateral hyperbola. 


An important conclusion can be drawn from the fact that the 
curve of initial plasticity is given by the equation Il cop.4== cop. 
Since I Pov When o, CORCA 
we have corca - Po. = COP. 

TOP,1 
70,RCA 


and therefore Tove 


If steels of higher yield points are produced it is essential to increase 
the coactive resistance at least in proportion to the yield point 
if the endobrittleness is not to be raised. 


The basic diagram as drawn in Fig. | characterises the material 
in a certain condition and at a certain testing temperature and 
straining speed. If testing temperature or straining speed are 
changed, the basic diagram must change also. If the testing 
temperature is raised, endobrittleness and decohesion level must 
decrease and vice versa. The copolar and transpolar points will 
move and the two lines D and E are the geometrical loci of these 
two points for variation in testing temperature. If the testing 


* It has become evident in discussions that the conception of 
plastifving power and the equation for initial plasticity IL, const. 
creates some difficulty because it is not shown how it is derived, 
even if it is an “intelligent guess.” 


Whilst it is known to the present writer how this has been derived 


by M. Schnadt, he can imagine at least two ways in which it can 
be derived. 


1. The function of the principal stresses representing initial 
yield must be a priori independent of the orientation of the 
co-ordinate axes. The quadratic invariant (quadratic expression 
of the three variables 11. 72 and 3, which remains invariant 
when the co-ordinate axes are rotated) of the three stresses is 


ey 


‘N (or; 2)” t (ow 3) (v3 oy 


This is seen to be identical with 


Ie, v2? 


2. The Mises-Huber-Hencky yield condition (see Timo- 
shenko, Strength of Materials, Vol. 2, p. 479, 2nd ed., D. v. 
Nostrand Co., New York) of constant shear strain energy is 


1+ 5 ? 14; 
"(Gino + (wr 3)" r (o3 wn) | * FE 7p. 


where E is Young's modulus,  Poisson’s ratio and %y,p. is 
the yield point in simple tension (cop). This is identical 
with Ilo, = oop, Ss 
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temperature is lowered brittle fracture will occur for higher values 
of II, that is, for less severe stress conditions. 


MAXISTRESS CURVE OF A STRUCTURE 


The stress conditions at any point m of a stressed structure or 
test piece can now be represented in the basic diagram by a point 
M(II,;,,) because the stress condition at any point is described by 
discrete values of I] and «,. The point M in Fig. 2 is called the 
Stress Pole of the point m. If the stress increases at m, the stress 
pole will move along a curve M; because, in general, the plastifying 
power will not necessarily remain constant when «7; increases, 
unless the other two stresses .r, and «r, increase pro rata. In the 
latter case the stress pole trajectory will be a straight line parallel 
to the «r;-axis, and, in this case, the stress change is called “‘stapinic.”” 
In the case of II changing together with «ry, the stress trajectory 
is a curve M> and the stress change is called ‘“‘metapinic.”” The 
stress change in the interior of an ordinary tensile test is metapinic 
because the initial plastifying power 11° equals 1, but when necking 
sets in radial stresses (72 0 3, equilateral stresses) occur in the 
interior of the test piece which produce a decrease in Il. 


Every point in a stressed structure at a given instant can now be 
represented by a stress pole in the basic diagram, but only those 
points for which «7, is a maximum tensile stress for any 1-value are 
of interest. These points must lie on an enveloping curve called 
** Maxistress Curve” of the structure at a given instant. The maxi- 
stress curve is the locus of the stress poles of all points in the 
structure where «r,; reaches a maximum in relation to other points 
in the structure which have the same I]-value. It must be assumed, 
of course, that there must be an infinite number of points in a 
structure for which the Il-value is the same, but there may be 
only one point for which «, reaches a maximum for any given 
value of Il. A maxistress curve entirely in the elastic region is 
shown in Fig. 2 as curve By. 


In general, there will be points on any maxistress curve for which 
the difference I1—«o.y4 is positive and points for which this 
difference is negative. This difference, 1]—o.y1 = Qo0,v1 is called 
the “‘Paratential” of the stress pole. It is clear that for plasticity 
the paratential {o.. must be greater than zero. At points of 
negative paratential, the fracture must te completely brittle. If 
the paratential is smaller than the difference between decohesion 


level Ag.vt and endobrittleness do,yt (0.1 <AR vt Po,vt) where 


the latter difference Agyi —- dost = fo,ve is called the “Interval 


of Indirect Decohesion,” there is brittle fracture after plastic 
deformation. 


Any change in loading conditions will change the maxistress 
curve of the structure, an increase jn loading will move the curve 
B, forward in the direction.of «,—® to the position Bz, and it can 
be seen that in certain parts of the structure the material has 
entered the plastic zone. On the basis of the conventional safety 
factor, if this is based on the yield point of the material, the 
structure has failed. The conventional way of assessing the safety 
of the structure takes the point in the structure where the uniaxial 
tensile stress is largest and of which the stress pole is the inter- 
section at P; of the maxistress curve B; and the line If = 1. 
Failure is assumed to occur when P; moves to Po, the intersection 
of the curve for initial plasticity with the line I¥=1. In actual fact 
the safety of the structure at this point is very much larger. It is 
given by the distance of the point Pp from the line of rupture 
measured in the direction of «,—», that is, the distance Pj_»P,, 
which is very large. This distance is called the “Contraruptive 
Stress” at the point where the stress pole is Pj, The really critical 
point in the structure is the point whose stress pole is Qi, because 
not only is the contraruptive stress Qj -» Q,; at this point very much 
smaller than at Pj, but brittle fracture must occur eventually at 
this point if the load is further increased, because the maxistress 
curve B; intersects the basic diagram at points R !! in the region 
of brittle fracture. 


There are two possibilities of increasing the real safety of the 
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structure whose maxistress curve is B;. The one is to use a different 
material with a lower endobrittleness Jo! which will then have a 
different basic diagram such as is shown dotted in Fig. 2. The other 
possibility is to change the maxistress curve of the structure so that, 
for a given loading, curve By is obtained instead of B;. It will be 
seen that that maximum stress «7, in the region of low plastifying 
power is much smaller for curve By than for curve B;. This can 
be achieved by changes in design, and the process of moving the 
maxistress curve into the region of higher f-values has been 
termed “‘plastifying the stresses.” M. Schnadt claims to have 
developed special methods, which have not been disclosed in the 


lecture, to achieve this end of plastifying the stresses in the 
Structure 


STRESS-STRAIN RELATIONS 


The deformation of the solid in the plastic region is defined by 
three principal normal strains dé,, d6,, dé,. If the directions of 
4,, 6, and 4, are invariant, so that the variation of 4 takes place 
always in the same direction, the deformation is called rectiplastic. 
If in addition the deformation proceeds at constant plastifying 
power the deformation is called stapirectiplastic. 

Similarly, as the stress ratios 7. and », were defined, the two 
Oo 4 

and py, 

"1 O74 


strain ratios jr2 can be defined. 


It is now possible to define a similar invariant function /(é) 
of the strains as f(r) could be defined for the stresses: 


i (o) k Vo, o>) (wr o3)" (or; 
and hence 
S(8) i 82)? z (62 83) r (63 i) 


Since for plastic deformation the volume remains constant, the 
sum of the principal strains 6, + 6) +- 6; must vanish so that 


‘ 
wy) 


kK’ (8; 


2 py I 


Introducing strain ratios jr, and », we obtain 


I (8) 


6». 

ve kd, W 
2 

where 

0 ? \ 

The expression / is called “Straining Power” and is, like plastify- 

ing power, a dimensionless quantity. The strain ratio p. can 

vary only between —0°5 and +1, and »,, between —0-5 and — 2-0. 

The maximum value occurs for ;5 10 and p; =—2 

and is ‘ = 2/3. The minimum value occurs for j= j:3 = i. 
This follows from differentiation 

dy l t Qu 

? M2 


0 
d),, 2 s) 


mn 0 . 
hence 

"2 ~$. 
~ 4, Y assumes the value \/3, and hence 


V3<y<2v3 


For yp = 


It is now necessary to establish a relation between the two 


V6 


functions f(r) = Ky 2 I, and £(8) = k’ > 6, ¥ which will 


have the character of a generalised plastic stress-strain relation 
for three-dimensional states of stress. 


To this end M. Schnadt introduces two new concepts:- 
oy 
wit” 


Plastonic stress 9] = er Fires 








*The suffix IL in 01, y indicates that 1, y is the maximum 
principal stress for a given value of Il. 
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Plastonic strain “]) f (6) 


Way 
ky 6 


The relation between -/ and D) must be found experimentally. It 
will be a curve such as is shown in Fig. 3. 


The equation of this curve, the derivation of which is not hnown 
to the present writer, is postulated by M. Schnadt as follows: 


My 
vt (D- De.) 


In this equation % y is called the Elastonic Limit. Its relation 
with the elastic limit is obtained as follows:- 


NM , 


o, vt 


1 
Gov = ‘ I1oor 9 for TI 


and therefore 


| oop.) 


* GOP, 


\3 v3 


Movs is called the initial “E/astonic Modulus™ and D,, is the 
initial plastonic yield range (palier plastonique) 


It remains to give an important relation between the principal 
stresses when the plastic deformation is rectiplastic and plane 
(¢, = 0, and hence ©, 6, because 6, + ¢, + ¢; = 0). If the 
plastic deformations in a given direction depend on the shear 
stresses 7 acting in planes at 45° to this direction, the strain 4; 
must depend on the shear stresses +,, and r,>, and the strain 6, 
must depend on 7,3; and 73, and if the two strains are equal, 
it is reasonable to assume that 

137 T12 713 7 


723 


Since the shear stress in a plane under 45° to directions i and j of 


the principal stresses % and ‘; must be the arithmetic mean of 
these principal stresses, thus 


we can write for 


this 


or 2 > 


$ (or, + 73) 


This means that the state of stress producing plane deformation 
must always be hemitropic. It will be remembered that hemitropic 
stresses are associated with minimum plastifying power, for a 
given H,. 


2. THE NEW TESTING TECHNIQUE 


FORM OF TEST PIECES 


The new type of test piece introduced by M. Schnadt and 
protected by a patent is really a series of notched bending specimens 
to be broken in a Charpy machine. One of several reasons for 
choosing the impact test is that in this way one disposes of one 
variable in service conditions, namely, straining speed, at least up 
to straining speeds such as are produced in an impact machine. 
To determine the effect of explosive loading on the material, it 
would presumably be necessary to carry out the tests at even higher 
speeds. If the properties of a material are determined under impact 
conditions and are found satisfactory, they are bound to be so 
under the less severe static loading conditions. The test pieces 
can, of course, be used for static bend tests also. 


The test pieces are 55 mm long, 10 mm wide and between 
7-5 mm and 9°5 mm thick. There are five standard specimens 
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with V-notches of varying root radii, that is, of varying severity. 
The five standard test pieces which have been given special names 
are shown in Fig. 4. 


The dinacic test piece has no notch, that is, the root radius of 
the notch is infinity. The following three specimens with 45° Vee 
notches of 2 mm depth, have root diameters of 2 mm, | mm 
and 0-5 mm and are called mesatopic, ponatopic and ganatopic 
test pieces respectively. Test pieces with root diameters larger 
than 2 mm are also sometimes used. These are called triatopic, 
quadratopic, pentatopic, etc., and decatopic, and have root radii 
of 3, 4, 5, etc., and 10 mm respectively. These test pieces can all 
be notched with milling cutters of the requisite root radii. The 


Fig. 3. Plastonic stress-strain diagram, 


Fig. 4. Size and form of five standard test pieces. 
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last test piece with root radius zero, is called “coheracic” and its 
notch is made as is shown in Fig. 5, by milling a ponatopic pre- 
notch first to a depth of 1-6 mm into which a tungsten carbide 
knife is pressed afterwards to an additional depth of 0-4 mm, 
so that the total depth of the notch is again 2 mm. It is important 
that the notch is made with a very sharp knife and that the knife is 
placed centrally into the prenotch. For this and, incidentally, the 
other operations necessary in the making of the test ‘pieces, 
M. Schnadt has developed special jigs and tools. The position of 
the test piece in the machine is shown schematically in Fig. 6. 


The compression zone in each specimen is drilled out and 
replaced by a tungsten carbide pin. This has the important result 
of preventing almost entirely the absorption of energy in the 
compression zone of the material. All test pieces, even the un- 
notched (dinacic) one, are broken in two in the test. 


The time for making the test piece, starting off with material of 
the required thickness, is only about ten minutes, and if many 


Fig. 5. Notch in coheracic test piece. 


lest pieces are required from the same material, this time can be 
reduced still further. 


The energies absorbed by the various test pieces are designated 
with Ko, Ko.s, Ki, K2 and Kj, and called “coheracy,” 
“ganatopy,”” “ponatopy,” and “mesatopy” respectively for the 
corresponding test pieces with notch root diameters of 0, 0-5, 
1, 2 mm and oO respectively. 


Root diameter in mm and 
name of test piece 


Energy absorbed is termed 


coheracy - 
ganatopy = 
ponatopy 
mesatopy 
triatopy 





0 coheracic 

0-5 ganatopic 

ponatopic 

mesatopic 
triatopic 

to to 


decatopic 
dinacic 


decatopy 


dinacity = Kj 


The “‘coheracy” of a material is therefore the energy in kgm/cm? 
absorbed by a coheracic Schnadt test piece, that is, a test piece 
with a notch of zero root diameter, 2 mm deep when broken in a 
Charpy machine. 
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Apart from the advantages already mentioned, other advantages 
are claimed for this type of test. The scatter of test results if it occurs, 
is a definite indication of the non-homogeneity of the material, 
which means that for homogeneous matetial there is no scatter, 
whilst in other types of impact test scatter occurs as a rule also for 
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absorb a considerable amount of energy when subject to the 
severe conditions of the coheracic test in comparison with other 
non-coheracic materials giving higher Izod or Charpy values. In 
an example quoted by M. Schnadt, Charpy impact values of 15-2 
kgm/cm2 and 12-8 kgm/cm? were found for two materials, whilst 


Fig. 6. Test piece set up in Charpy impact testing machine. 


perfectly homogeneous materials because it is caused by the 
indefiniteness of the testing conditions. 


There is no correlation between the test results obtained in the 
Schnadt test and by other tests, such as the Mesnager, Izod or 
Charpy tests. If for a large number of materials coheracy, for 
instance, is plotted as the ordinate and Charpy impact toughness 
as the abscissae, it is seen that very high Charpy values are obtained 
sometimes for materials without any coheracy. This indicates that 
the entire energy is absorbed in compression because the material 
is brittle and can absorb no energy in tension. On the other hand, 
materials which give lower Charpy or Izod values may, nevertheless, 


0.4, ~0, Ko ~0 


3 See determination of endobrittieness by means of 


the respective coheracies were 0-9 kgm/cm2 and 11-9 kgm/cm2. 
In another instance two high tensile steels “A” and “B” with 
Mesnager values of 29-6 kgm/cm2 and 14-8 kgm/cm2 respectively, 
failed in an entirely different manner in a special Schnadt transverse 
weld bead bend test. Material A with the high Mesnager value 
broke in an entirely brittle manner after bending through a small 
angle. The coheracy of this material was 0-8 kgm/cm?2. Material B 
failed by shear fracture after bending to about 90°. The coheracy 
of material B was 11-4 kgm/cm2. 


THE INTERPRETATION OF TEST RESULTS 

One of the important geometrical properties of the Schnadt test 
piece is the large width to thickness ratio. Since the width is 
10 mm and the thickness 3 mm, this ratio is 3-3 for all test 
pieces. The material which is actually broken in bending can be 
considered, therefore, as a wide plate and the plastic deformation 
in the central part of this material must be plane strain. This 
means, as was pointed out previously, that the state of stress in 
all Schnadt test pieces must be hemitropic, that is, of the form 
n2 ~ 4(L+n 3). Hemitropic stresses have been shown to be those 
for which the plastifying power for a given x, or notch diameter 
is a minimum. These test pieces therefore represent the most 
unfavourable stressing conditions that can be encountered in 
structures. The actual state of stress and hence the absolute value of 
Il, can be given only for the coheracic test piece and the dinacic 
test piece. 


For the dinacic test piece Mr. Schnadt claims 
r3=0, n2=05, Il = 0-866. 


For the coheracic test piece the state of stress, identical with that 
at the bottom of a crack, is claimed to be given by 


nz = 05, yn. = 0-75, Il = 0-433. 

The absolute values for plastifying power as represented by the 
series of Schnadt test pieces lie, therefore, between I! = 0-433— 
coheracic stresses—and II = 0-866—dinacic stresses. There may be 
argument whether the state of stress in the coheracic test piece 
is really n; = 0-5 and nz ~ 0-75, and the plastifying power 0-866, 
and whether ry, = 0 and r2 = 0:5 for the dinacic test piece, but 
as will be seen further on, this is not vitally important. For the 
present it shall be assumed that these values are correct. 


The hemitropic stresses with plastifying power between 0-433 
and 0-866 are called “topic” stresses. The actual values, however, 
for the topic stresses existing in the test pieces intermediate between 
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the coheracic and dinacic test piece, cannot be determined accurately 
so far. This is a complex mathematical problem which is unsolved. 


M. Schnadt therefore introduces a new more or less arbitrary 
scale for plastifying powers between 0-433 and 0-866. This interval 
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Fig. 8. Curves of variation of endobrittieness with testing speed and 
temperature determined by Schnadt test. 
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This definition, which includes the values for d = 0 (Il = 0) and 
d = o (IT = 100) gives the following plastifying powers in Venant 
units for the various test pieces: 


Stresses 


Venant Units 


Cc ctinranic 
Ganatopic 
Ponatopic 
Mesatopic 
Triatopic 


‘To? 
Ilo.s 
I1,° 
II2° 
113° 
to 


Ij 


0 
20 
33:3 
- 50 
66:7 


100 





The raised index o in these values for plastifying power indicates 
that this is the initial plastifying power of the test piece, since the 
plastifying power for any test piece may change in course of the 
performance of the test. The suffixes indicate the root diameter of 
the notch. 


It can now be shown how the copolar point and hence the 
endobrittleness for a certain temperature can be determined with 
a good degree of approximation by means of Schnadt tests all 
carried out at the temperature ¢° C. Supposing the line of initial 
plasticity E;° in Fig. 7 were known. It happens that if the energy 
absorbed by a test piece is between 0 and 2 kgm/cm? the fracture 
is entirely brittle. Let us now assume that all test pieces including 
the dinacic one give brittle fracture and that no test piece absorbs 
more than 2 kgm/cm2 or, as we can say, that the material has no 
dinacity. It is obvious that in this case the copolar point 7T9,; 
must lie above the line II = const. = 0-866 or 100 Venants. If the 
dinacic test piece breaks with a shear fracture, but the ponatopic 
and coheracic test pieces with a brittle fracture, the dinacic test 
piece absorbing more and the other two absorbing less than 
2 kgm/cm2, the material has dinacity but no ponatopy and no 
coheracy, and in this case the copolar point 72 must lie between 
100 Venants and 33:3 Venants. If the material has dinacity and 
ponatopy but no coheracy, the copolar point 7»,; must lie between 
Il=0O Venants and li--33-3 Venants. Finally, if the material has 
dinacity, ponatopy and coheracy, the endobrittleness must be 
smaller than 0 Venants or 0-433 absolute. If one should desire to 
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Fig. 9. Basic homofractance curves of a steel for various temperatures. 


is divided into 100 equal units and each unit is called 1 Venant. 
The plastifying power in Venant units is therefore 0 Venant and 
100 Venants for coheracic and dinacic stresses’ respectively. The 
intermediate values are defined by the diameter d of the notch of 
the test piece by the following equation: 


d 


Il = oe 100 Venants. 


fix the copolar point with a higher degree of approximation, it is 
only necessary to use test pieces with notches of intermediate 
diameter. 


One can also determine the variation of endobrittleness with 
temperature, by carrying out a series of dinacic, ponatopic and 
coheracic tests at various temperatures. For each series of tests, by 
plotting energy absorbed against temperature, a separate S-curve 
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is obtained, as is shown in the lower half of Fig. 8. The point d 
on the dinacic curve Ki(‘), corresponds to complete brittleness 

negligible energy absorption—and this point is plotted In the 
upper half in a Il-—t diagram against the appropriate value 
Il == 0-866 100 Venants. Similarly from the points p and ¢ on 
the ponatopic and coheracie S-curves respectively, the points P 


and C are obtained by plotting against the appropriate values of 


plastifying power. Three curves which must be approximately 
parallel and close together can now be drawn through these three 
points which indicate the variation of endobrittleness with 
temperature for constant straining speed. The three curves are 
separate because in consequence of the differing degree of stress 
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Fig. 10. Thermal homofractance curves for two steels A and B. 


Fig. 11. Basic homofractance curves for two steels obtained at different 
temperatures. 


concentration the straining speeds for the three types of tests will 
differ even if the pendulum speed is the same. The three curves 
in the upper half of Fig. 8 therefore indicate the variation of 
endobrittleness with testing temperature for three slightly differing 
straining speeds: y 
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HOMOFRACTANCE 


Let us assume now that we have a series of test results obtained 
with different test pieces, but all obtained at the same temperature, 
say t = 0° C. These test results can now be plotted by plotting 
the energy Kg absorbed for a given test as the abscissa and the 
initial plastifying power of the test Ilq4° in Venant units as ordinate. 
In this way we obtain a curve such as B-- P ~ Nx, shown in Fig. 9. 
Such a curve is called a “Basic Homofractance” curve of a given 
material for a given temperature. It shows the continuous variation 
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of Kg energy absorbed 
as that value of I 


with U Homofractance ts defined 
which, for a given temperature, is correlated to 
any arbitrary, given value of Kg by the basic homofractance curve 
of the material for this temperature. 


Experience has shown that for full plasticity the energy absorbed 
in any test piece is at least Ky » 8 kgm/cm2, whilst complete 
brittleness occurs when the energy absorbed is less than Kg = 2 
kgm/cm2. Between Kg 2 kgm/cm?2 and Kg 8 kgm/cm2? there 
is a region of some little plasticity which can be fixed numerically 
by Kg = 5 kgm/cm?2 


These three values have been selected and the homofractances 


Fig. 12. Basic homofractance curves at various temperatures for 
two steels, 


ig. 13. Basic homofractance curves. High tensile steels and cast iron, 
obtained at 20° C. 


associated with these specific Ky values are called “ Bifractance™ 
2x (1), (Ka (9 = 2kgm/cm2), “Pentafractance™ (¢ sx (1), Ka 
5 kgm/cm?2) and *“ Octafractance™ (4x (1), (Ka (tf) = 8 kgm/em?). 


Bifractance, pentafractance and octafractance are therefore 
values of the plastifying power characteristic for a given material at 
a definite temperature and straining speed. It may be remembered 
that plastifying power as such, is not related to the material but is 
simply a property of a state of stress, a geometrical property in fact. 


These specia! Il-values must not be confused with the H-values 
of the various test pieces. For the mesatopic test piece for instance, 
It’ is always 50 Venants, but it depends on the material whether the 
mesatopy is large or small. In one case the mesatopy might be 
10 kgm/cm2, in which case the octafractance would be smaller 
than 50 Venants. For another material, or the same material at a 
different temperature, the mesatopy might be only 5 kgm/cm?, in 
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which case the octafractance is larger than 50 Venants-and the 
pentafractance is exactly 50 Venants. 


If the basic homofractance curves of one material are determined 
for various temperatures—in Fig. 9 four such curves for tempera- 
tures ¢ = +50°C., 0°C., —75°C., and —100°C. are shown— 
it is possible to plot bifractance, pentafractance and octafractance 
against temperature. The result for two different materials A and B 
is shown in Fig. 10. The resulting curves are called “Thermal 
Homofractance” curves. 


The curves for bifractance and for octafractance divide the 
diagram into three parts. All points with Il-values and temperatures 
to the right of ¢gx (1) indicate conditions of complete plasticity. 
All points to the left of <2 (1) indicate complete brittleness. 
Between dex (1) and <2 (1) lies a narrow region—the metaplastic 
region—which indicates the transition zone from plasticity to 
brittleness. 


The plastifying power in riveted structures is normally larger 
than 80 Venants. The worst stresses occur round the rivet holes, 
but because the rivet tension exercises a compression on the plate, 
the II-value (", negative) is high. One can assume that, for instance, 
a riveted boiler works in the region in the extreme right-hand 
corner of the diagram, which is bounded by ¢ = 20° C. and IT = 80 
Venants. It is obvious that this region is in the plastic zone for 
both materials A and B. 


For welded structures the minimum I!]-values are much lower, 
there might be a crack somewhere, in which case the minimum 
plastifying power is 0 Venant. However, even if there is no crack, 
the minimum plastifying power for welded structures must be 
assumed to lie somewhere round 20 Venants. Material B would 


therefore be quite unsuitable for a welded boiler because pait of 


the region I! = 20 V and ¢ = 20°C, lies to the left of the 
bifractance curve of material B, that is, in the brittle region for 
material B. 


Similarly, for a riveted bridge which may experience tempera- 
tures down to at least — 20°C., material B could be used, but for a 
welded bridge even material A is nov good enough because a small 
part of the region II ~- 20V, ¢ 20 C. lies to the left of the 
bifractance curve of material A. 


It must not be concluded from this that M. Schnadt advocates 
the use of the highest grade of material for all purposes. If one 
knows, for instance, in what parts of a structure the plastifying 
power will be high and in what parts it will be low—and engineers 
have a pretty shrewd idea of these locations—and if one knows 
the lowest probable service temperature, it is possible to use low 
grade material in those parts where II is high and high grade 
materials only in those parts where II is low. There is no reason 
why the compression flange of a single span plate girder, for 
instance, should be made from the same material as the tension 
flange. Provided, of course, one has absolutely reliable means 
of assessing materials. 


On the basis of the thermal homofractance curves it would be 
possible to determine experimentally the plastifying powers of 
standard details and discontinuities. This can be done in one of 
two ways. 


Supposing we had the thermal homofractance curves for two 
materials and we make the same component from these two 
materials and test the two test pieces at the same temperature. 
Supposing the materials were the materials A and B in Fig. 10 
and we tested the component at say 0° C. If both components fail 
in a ductile manner the plastifying power of the particular compo- 
nent must be greater than 58 Venants, which is the intersection of 
t = 0 with the octafractance curve for material B. If both failed in 
a brittle manner, the value of the component must be below 
14 Venants, which is the intersection between the line ¢ = 0° C. 
with the bifractance curve for material A. If, finally, one component 
failed in a brittle and one in a ductile manner, II for the component 
must lie between 26 and 52 Venants. By one or two further tests 
with a third and perhaps a fourth material, the II value-of this 
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component, which is a geometrical property, could be fixed to 
within a few Venants and would then be known for all times. * 


The thermal homofractance curve also illustrates that diffefent 
transition temperature ranges must be obtained for one and the 
same material if different types of notch tests are used. A tensile 
test piece with a circumferential notch, for instance, will have a 
Il-value different from that of, say, an Izod test. All conceivable 
types of notch test can be characterised by a family of straight 
lines (II-const.) all parallel to the temperature axis, provided all 
tests are carried out at the same testing speed. Any such line, 
characteristic for a given type of test for which IT is some constant 
value will determine a temperature range between its two points 
of intersection with the two lines 24(r) and ¢gx(f). This tempera- 
ture range is the transition range for the particular material as 
determined by one particular type of test. It is easy to see now that 
as the line I] = a), a2, a3, a4, etc., moves up—towards 100 Venants— 
or down—towards 0 Venant—depending on the particular type of 
test, the points of intersection with 2,(f) and dgx(t), which 
define the transition range for this particular type of test, move 
to the left or to the right of the diagram. The transition temperature 
therefore, as determined with one type of notch test—say the Izod 
test, for instance—is insufficient to characterise the material since 
in this way only one point on each of the <2, (t) and ¢gx(r) 
curves can be obtained. However, the two lines are neither 
necessarily parallel nor can their inclination to the axes be ignored. 


3. APPLICATION IN THE TESTING 
OF STEELS 


A number of basic homofractance curves at ¢ = 20° C. for various 
mild steels, good ones and bad ones, are shown in Fig. 11. The 
steel from the Hasselt bridge is one of the worst. Its coheracy is 
less than 1, even at + 20° C. One of the best steels in the diagram 
is that marked 8-M-14 with-a coheracy greater than 10 kgm./cm?. 
It will be observed that steels 4-T-15 and 5-T-r19 have a high 
ponatopy but also no coheracy. 


Basic homofractance curves al various temperatures for (wo 
steels ¢ are shown in Fig. 12. Neither steel is coheracic. 


* It is the firm belief of the present writer that only by tests of 
this kind can M. Schnadt be proved either right or wrong. It is 
quite immaterial really whether the stresses in his test pieces are 
hemitropic or whether the stresses at the bottom of a crack are 


12 0-75 and + 3 
theoretical edifice. 


According to M. Schnadt it is impossible to have worse condi- 
tions in practice than are realised in the coheracic test piece. It 
should therefore be impossible to break coheracic materials in 
whatever size or form of test piece, by brittle fracture, provided 
the test is carried out at a straining speed not much higher than 
that used in a Ko test and at a temperature for which the material 
has coheracy. As far as is known to the present writer, nobody 
has succeeded yet in breaking coheracic material by brittle fracture. 


A second critical test is this: Supposing that the Venant value 
of some simple test piece, such as a perforated plate of a certain 
width to thickness ratio and a certain diameter of the hole, were 
determined by making a number of identical test pieces from the 
same material whose thermal homofractance curve is known 
and by testing these test pieces at various temperatures to determine 
the temperature range of the transition between shear fracture and 
brittle fracture. This will give two points on the bifractance and 
octafractance curves with which one \1-value must be associated. 
If the same test piece is now made from a different material whose 
thermal homofractance curve is also known, the temperature range 
for which the fracture will change from shear fracture to brittle 
fracture can be predicted because the plastifving power of the 
test piece is known. If M. Schnadt is right, the actual experimentally 
determined transition temperature should agree with the predicted 
transition temperature. 


0-5. There are two critical tests of the whole 


t Perhaps the same steel in two different conditions of heat 
treatment, or perhaps tested in and normal to the direction of rolling. 
The present writer is not certain on this point. 
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Different high tensile steels are shown in Fig. 13. Of those, 
the Krupp steel is undoubtedly the best at +20°C. It is interesting 
to note that the basic homofractance curve for cast iron is shown 
in this diagram on the extreme left. As can be seen, cast iron 
has no dinacity and the bifractance is far in excess of 100 Venants. 
The thermal homofractance curves for two open hearth steels 
(top half of diagram) and two basic Bessemer steels (lower half of 
diagram) are shown in Fig. 14. Of these, MC-Boiler quality, an 
open hearth killed steel, is undoubtedly the best. However, none 
of the four steels would be suitable for all positions in a welded 
ship or in a welded bridge, whilst the MC-Q steel is really much 
too good for even a welded boiler. Steel TC, which by present-day 
regulations would probably not be accepted for a welded boiler, 
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is, nevertheless, good enough. Its octafractance at +20°C. is 
smaller than zero. 


The basic homofiactance curves for a modern basic Bessemer 
steel are shown in Fig. 15 for both in the direction of rolling and 
normal to the direction of rolling. This shows that basic Bessemer 
steels are not necessarily inferior to open hearth steel. 


The Schnadt test can be used also for sheet steel. The test piece 
is made by riveting together a number of thicknesses to obtain 
a 10 mm wide test piece. The state of stress in this test piece, 
because of the absence of -r2, will be much less severe. Fig. 16 
shows results for two types of sheet of 1-5 mm thickness used in 
the fabrication of lifeboats. Trouble in pressing was experienced 
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Fig. pe -: Basic homofractance curves for modern Bessemer steel, 
direction of rolling and myer onthe to the direction of rolling. 
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Fig. 16. Basic homofractance curves for mild steel sheet for lifeboats. 
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with A but not with B. The dinacity is claimed to be a good 
indication for the drawing properties of sheet material. 


APPLICATION IN INVESTIGATIONS OF AGEING 


The Schnadt test piece is eminently suitable for determining the 
effect of ageing on the properties of steels. The specimens for 
ageing tests and the way they are made is shown in Fig. 17. A kind 
of dinacic test piece which must be somewhat thicker than the 


standard one to start with (a), is bent against a stop and a per- 
manent set varying between | and 4 mm is produced, so that the 
material in front of the pin is plastically deformed (6). The test 
piece is then machined and notched to its standard form (c, d, e). 
The test pieces are then broken either immediately or after ageing 
in the same way as any other standard test piece (Fig. 17, f). 


If the energy absorbed (KY{) is plotted against the permanent 
set (f) produced, curves of the type shown in Fig. 18 are obtained. 
The topmost curve Kg*(t) is obtained if the test specimens are 
broken immediately after they have been completed, that is, a 
few minutes after they have been deformed. The Kg values are 
reduced and the reduction—shown by the dotted area—must 
be deducted from the reduction obtained after ageing, in order to 
obtain the net effect of ageing. The curves a and c are obtained 
after ageing at room temperature for one and five days (months?). 
The curve at the bottom is obtained after artificial ageing at 
250° C. for thirty minutes. The suffixes V and 1, 2, 3, in the terms 
Kg"! indicate ageing (V) and the amount of permanent set in mm 
a, 2, 3). 


Two basic homofractance curves before and-after ageing are 
shown in Fig. 19. The fully drawn curve is obtained before ageing 
and the chain dotted curve after ageing. It can be seen that ageing 
increases the homofractances of the material and decreases all 
values of energy absorbed. The increase in octafractance is largest. 
Whilst the largest reduction in energy absorbed occurs for the 
mesatopic test, the reduction expressed as a percentage of the 
original value is largest for the ponatopic test, 


TRANSACTIONS OF THE INSTITUTE OF WELDING 


April, 1950 


In this particular example, mesatopy is reduced from 10-4 
kgm/cm2 by 6°7 kgm/cm2 to 3-7 kgm/cm2, which is 64-5 per cent. 
of the original value. Ponatopy is reduced from 7 kgm/cm? by 
5-2 kgm/cm2 to 1/8 kgm/cm2, that is, by 74 per cent. Coheracy 
is hardly reduced at all. If these percentage reductions are plotted, 
the dotted curve is obtained, which exhibits a maximum for 
ponatopy. Hence the ponatopic test piece is used in all ageing tests. 


A number of results for the ageing of open hearth steel (M) 


Fig. 17. Test pieces for ageing tests. 


and basic Bessemer steel (T) obtained at 20° C. with a ponatopic 
test piece are shown in the left-hand half of Fig. 20, whilst the 
results of ageing tests obtained for various weld metals are shown 
in the right-hand half of the diagram. This diagram shows that 
the superiority, as regards ageing, of open hearth steel over 
Bessemer steel, which is so frequently taken for granted, is not an 
absolute fact. The basic Bessemer steels shown in this diagram are 
as good as the open hearth steels. There are steels (4, 5, 6, 7) of 
both types showing strong ageing characteristics. 


4. SPECIAL APPLICATIONS TO 
WELDING 


One of the very great advantages of the Schnadt testing method 
is the ease with which it can be applied to welding and, in particular, 
to the testing of weld metal in the form of single beads and to the 
testing of the heat-affected zone. 


The test piece for testing single beads of weld metal is produced 
by machining a groove in a plate and by depositing a bead in the 
groove. The test piece is then cut out and notched as shown in 
Fig. 21a. It will be observed that all the parent metal is removed 
and only the weld metal is subjected to stress. The energies absorbed 
in these tests of weld metal are termed coheracic, ponatopic, etc., 
Welductance, depending on the type of notch used. For the testing 
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of hardfacing electrodes a specimen of the type shown in Fig. 216 
is used. 


A number of results for different combinations of electrodes 
and parent metal are shown in the form of basic homofractance 


. 18. Decrease in energy absorption due ing for different values 
" of the initial permanent set of the test ieee, A : initial permanent 
set of test piece in mm. Ordinate: energy absorbed in dinacic, ponatopic 
or coheracic test. 
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curves in Fig. 22. The electrodes used are N;, No, Bi, and Bo, 
and the steels are killed open hearth and killed and rimming basic 
Bessemer steels. These diagrams are self explanatory. Results of 
various electrodes are shown in Fig. 23, all of which, except No. 3, 
are coheracic in single beads. Results for different welding condi- 
tions and different testing temperatures are shown in Fig. 24. 


The possibility of producing coheracic weld metal and of 
recognising it as such by the Schnadt test has several very important 
implications. Since even a crack, the severest form of notch, cannot 
be propagated in coheracic weld metal by brittle fracture—always 
assuming coheracy at the lowest possible service temperature— 
the hot crack in the weld, which is so passionately hunted down 
with X-rays, ultrasonics and magnetic crack detection. now loses 
much of its terror because if it is propagated, it will propagate 
slowly and by absorbing a large amount of energy, that is, it can 
only propagate for large overloads. Coheracic weld metal may 
even be used as a crack arrester. In staggered butt joints in deck 
plating there is a tendency for small cracks to appear in the points 
where one weld crosses another. These small longitudinal cracks in 
butts may cross over the seams and pass into the adjacent plating 
where they may set off brittle fracture in the plating. This can be 
prevented by welding the seams for a small distance, say, 3-5 in., 


Llectrodes (cas 


eam bez 
Wael y los 
Why KL 


ion 


=> ys 


Wn: entthhts 


oa aw 
PR 


Cereaees, #. 


Fig. 20. Results of ponmatopic ageing tests for open hearth and Bessemer 
steels and weld metal. 
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at every point where the seam crosses a butt with a coheracic 
electrode. 


The presence of small inclusions, blow holes, porosity and other 
minor weld defects which, in important structures such as Class | 
pressure vessels, must be cut out now are without much importance 
in coheracic weld metal because they cannot lead to premature 
failure of the weld. At present electrodes must be used in the 
fabrication of pressure vessels which are specially manufactured to 
give a good X-ray. In fact, this is their most important property 
which, who knows, may have been developed perhaps at the 
expense of something far more important: coheracy. If coheracic 
electrodes were used the radiographic examination of pressure 
vessels, which greatly adds to the cost but would not add anything 
to the real safety in this case, would become entirely superfluous. 


In the case of high tensile steels it is important to investigate the 
properties of the heat-affected zone, which during welding have 
suffered temperature near or above the Ac; point. The production 
of the test piece which allows the heat-affected zone by itself 
to be tested, is shown in Fig. 25a. In the case of mild steels it is not 
the zone which has been heated to above the Ac; point, but the zone 
immediately behind it, which is critical. The test piece for the testing 
of this zone is shown in Fig. 256. Tests of the zone above Ac; 
are called BA tests and the letters c, p, d, etc., are used to indicate 
the type of test piece, coheracic, ponatopic, dinacic, etc. Tests 
of the zone immediately behind the Ac; zone are called BZ tests. 
Two additional suffixes and two raised indices indicate welding 
conditions, testing temperature, plate thickness and pre-heating 
temperature, 


In Fig. 26 the test results for one material and one electrode are 
given by plotting first of all the original coheracy (Ko), ponatopy 
(K,) and dinacity (Kj) against the original hardness (Do) of the 
material, which is 50 kg/mm2. Next are plotted the values BAc, BAp, 
and BAd against the hardness of the heat-affected zone HA, 
measured immediately below the weld bead. It can be seen that 


50. 


of Mel [el ect | | | 


if 4 
ee 
129 ORR ae 

Pa et 


50. 


poe See eee a 


ie oS ae ae os 


Gann” Zaman 
CHEE ERE 


April, 1950 


in this case dinacity and coheracy increase slightly with increasing 
hardness, whilst the ponatopy decreases. Two additional ponatopic 
points are plotted, BZp against the hardness measured immediately 
below ‘he heat-affected zone HZ, and Blip against HAR. The two 
points BAp and BZp show that hardness by itself is an unreliable 
indication of the real properties of the material affected by the 
welding heat. In the zone Z below the heat-affected zone proper, 
the increase in hardness is smaller (from Do = 50 kg/mm? to 
HZ = 60 kg/mm2) than in the zone heated above the Ac; point 
(from Do = 50 kg/mm? to HA = 90 kg/mm2), yet the ponatopy 
in the first case decreases from 10 kgm/cm?2 to 4:5 kgm/cm2, 
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Fig. 23. Basic homofractance curves for weld metal at different testing 
temperatures. 


whilst for the heat-affected zone proper the decrease is from 
10 kgm/cm?2 to 7 kgm/cm2. 


The relation between the ponatopic welductance BA and hardness 
for various materials is shown in Fig. 27. In the case of 2, 3 and 6, 
the increase in hardness is not accompanied by a decrease in 
ponatopic welductance, whilst in the case of 18 a much smaller 
increase in hardness is accompanied by a large decrease in pona- 
topic welductance. 


Hardness by itself is also an unreliable indication of the necessary 
pre-heating temperatures. This is illustrated in Figs. 28 and 29. 
Hardness and ponatopic welductance are plotted for different 
pre-heating temperatures in Fig. 28, for a steel of 34 tons/in.2 
tensile strength. From the consideration of hardness alone one 
would be inclined to think that a pre-heating temperature of 200° C 
resulting in a hardness still 50 per cent. above the original hardness 
Do is insufficient. But the ponatopy for this pre-heating temperature 
is already 90 per cent. of the ponatopy of the original material. 


A similar example is shown in Fig. 29. The original hardness and 
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Fig. 25. Form of test piece for testing heat affected zone. Metal heated to 
above Ac! point (BA test) and meta! heated to below Aci Point (BZ 


test). 
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Fig.27. Changes of ponatopic BA value and hardness for various combina- 
oo = steels and electrodes. Abscissa: hardness. Ordinate: ponatopic 
value. 
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Fig. 29. Initial hardness and ponatopy, and changes of hardness and pona- 
topic BA value for various pre-heating temperatures. 


ponatopy are 55 kg/mm? and 10:8 kgm/cm? respectively. Welding 
without pre-heating reduces the ponatopy to 5-6 kgm/cm? and 
increases the hardness to 112 kg/mm?2. Pre-heating at 200°C. 
reduces the hardness only by 32 kg/mm2, but the ponatopy is 
9-8 kgm/cm2, which is only 10 per cent, below its original value. 
Pre-heating to higher temperatures decreases the hardness further, 
but the ponatopy is not significantly increased. 


The effect of different pre-heating temperatures on BAp 
determined for variable testing temperatures is shown by the 
family of dotted curves in Fig. 30. Ponatopic welductance BAp 
is plotted against the initial temperature of the steel varying 
between — 50°C, and +150° C. Each of the dotted curves has 
been obtained for a different testing temperature. Finally the 
points for which the testing temperature (fess) equals the pre-heating 
or initial temperature (fo) are joined by the S-shaped fully drawn 
curve. From curves such as these, the necessary pre-heating 
te nperatures can be established, in order to give any chosen value 
of ponatopy in the heat-affected zone fora given service temperature. 


CONCLUSION 


This brief account of M. Schnadt’s ideas, testing method and 
its applications if it does no more, may at least give an indication 
of their present scope and of possible future developments. There 
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can be little doubt that application of M. Schnadt's ideas must 
greatly strengthen confidence in welded construction. 


It cannot be denied that M. Schnadt has opened a vista which 
may be well worth exploring. He would be the first to admit 
that he is only at the beginning of things and that there are many 
problems remaining to be explored. He would also be the first to 
admit that his ideas are constantly undergoing change. They are 
flexible enough to be modified in accordance with new experi- 
mental evidence as this is being accumulated. The danger therefore 
that one might be seriously led astray in the application of this 
work to practical problems is perhaps smaller than with other 
theories based more on speculation and less on experiment. 


These ideas are designed primarily for use in industry; they are 
practical ideas which may be exceedingly useful in the solution 
of practical problems and they may become even more useful 
as they change and develop. Whether they are scientifically im- 
peccable and unassailable is perhaps of secondary importance. 


What seems important is this: that we have ‘in M. Schnadt's 
work, perhaps for the first time, a nucleus of systematic ideas 
which might permit us. eventually to escape from the impasse 
we have reached in present-day engineering design based, as it is, 
on the theory of elasticity with all its apparatus of stress analysis, 
permissible stresses and safety factors. Admittedly, there are as yet 
only glimpses of future possibilities. But even if it is as yet only 
glimpses of future possibilities, this is much more than we have had 
for a long time. 


We are greatly indebted to Dr. Weck for this technical report of the important lecture given by M. Schnadt 
to a crowded meeting of the Institute in London on 30 November last. 

In his introductory remarks from the Chair, the Vice-President of the Institute, Mr. C. S. Milne, explained that 
M. Schnadt had come from Belgium at the joint invitation of the Institute and the British Welding Research Association, 
to explain his “New Methods for Studying and Testing Metals and their Application to Welded Constructions.” 
These methods had already been adopted by a substantial number of leading organisations on the Continent and involved 


many novel ideas. 


The Chairman then asked Dr. Weck to introduce M. Schnadt to the meeting and to make some preparatory 
remarks, particularly on the meaning of the new terms employed by M. Schnadt. 

In this report Dr. Weck combines the substance of his introductory speech with a summary of the existing lecture, 
for which many requests have been received since the meeting.—HOon. Epitor. 
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WELDED STRUCTURAL 


STEELWORK 


By J. W. Roperick, M.A., M.Sc., Ph.D., A.M.LC.E., A.F.R.Ae.S. 


This paper was presented to the North Eastern (Tyneside) Branch of the Institute on 1 December last. 


NGINEERS responsible for the design of welded steel frame 

structures will now be familiar with the revised British Standard 
No. 449 dealing with the use of structural steel in building. In this 
specification—unlike the previous one—design is considered under 
three headings :— 


(1) Simple Design applicable to cases where the end connections 
are comparatively flexible and provide negligible restraint. 


(2) Semi-rigid Design where the restraint offered by the connec- 
tions is sufficient to allow a reduction in the maximum 
bending moments in the beams. 


(3) Rigid Design where the connections are capable of transmit- 
ting moments equivalent to the full strength of the adjoining 
members. 


Strictly speaking, in the past this specification dealt only with 
simple design, but was nevertheless made to serve as a means of 
controlling rigid frame design. The designer of the welded frame 
was therefore in the unfortunate position of being bound by work- 
ing stresses really only applicable to pin-jointed structures, and was 
further required to take into account the additional moments 
induced in the columns as a result of the rigidity of the welded 


connections. Such a method, as investigation has shown, inevitably 
leads to excessively heavy structures. But with the issue of the 
revised specification, the designer is no longer penalised in this 
way and is relieved of the task of limiting the working stresses; 
instead he is allowed to design the welded rigid frame on a load 
factor of two, or in other words so that the working load is half 
of that which would produce collapse. 


The advantages likely to accrue from this method of design will 
be evident from a few simple examples. In Fig. 1 are represented 
three frames of the same overall dimensions and having members 
of uniform rectangular section. Each of these frames is assumed 
to be subjected to an increasing horizontal load until collapse 
occurs. The braced frame in Fig. 1 (a) is assumed to have pinned 
joints and therefore comes under the heading of “Simple Design.” 
If the strength of this frame is dependent upon the condition of 
the diagonal tie, then as soon as the load per unit area in it becomes 
equal to the yield stress of the steel, considerable extension occurs 
and the frame virtually collapses. Early investigations of this kind 
led to the belief that the yield stress was a functional value for all 
steel frame structures and therefore the working conditions should 
be defined by a permissible stress (fy) often taken to be half the 
yield value (fy). On this basis the ratio of the load to produce 


collapse (Pp) to that (Pw) which would develop the permissible 
stress is 2, representing what is more often called the load factor. 


When, however, rigid connections are introduced the behavicur 
is somewhat different. In the pinned base portal frame (Fig. 1 (b)) 
collapse does not occur when the maximum stress beccmes equal 


to the yield value; in fact the frame goes on to carry considerably 
more load without showing any marked increase in deflection until 
just before collapse. This is possible because the load is resisted 
largely by bending and the first signs of yielding occur only in the 
extreme fibres at the top of each stanchion. Collapse cannot 
take place until yielding has penetrated through the full depth at 
each of these sections. If the working condition is defined by the 
same permissible stress (fw= fy) as for the pin-jointed frame 
(Fig. | (a)), the load factor is found to te 3, and if the bases of the 
stanchions are fixed (Fig. 1 (c)) it is still greater, namely 3-75. 


It is clear that as long as the load factor was tied to a permissible 
stress its value was bound to increase with the redundancy of the 
frame, so making it far heavier than was necessary for adequate 
safety. The introduction in the new British Standard of a load 
factor of 2 for all rigid frames goes some’way to removing this 
obstacle to economical design, but it is a matter of doubt whether 
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it does full justice to the rigid frame. It must not be overlooked 
that a simply supported beam can now be designed to a working 
stress of 10 tons/in.2, which in a steel having a yield stress of the 
guaranteed value of 15-25 tons/in.?, gives a load facton of only 1-75. 


Full advantage of this freedom to base design of the rigid frame 
on its load carrying capacity will, of course, only be obtained 
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provided there is available some ready means of estimating the 
loads which can be sustained before collapse occurs. Unfortunately, 
our knowledge of these conditions is limited. Only in comparatively 
recent years has this aspect of structural behaviour begun to attract 
attention. Research has, however, been going on for some years 
at Cambridge under the direction of Professor J. F. Baker, with 
the support of the British Welding Research Association and the 
Department of Scientific and Industrial Research. In these in- 
vestigations an extensive study has been made of the behaviour 
of the rigid frame steel structure in the plastic range right up to 
collapse. Considerable attention has been given to the influence 
of yielding of mild steel on deflections and distribution of bending 
moment, and what might well be called a plastic theory of steel 
structures is gradually taking shape. The stage has now been 
reached where the collapse loads of comparatively simple structures 


can readily be determined and the work of developing a suitable 4 
method of design for single storey shed type buildings is well 


advanced. 


Simple Plastic Theory of Bending 

If a specimen of mild steel chosen at random were tested in 
tension or compression using a spring loaded testing machine, the 
stress/strain diagram obtained would lie somewhere between those 
at (a) and (b) in Fig. 2. Should it happen that the specimen had 
been normalised or annealed, diagram (a) would be typical and 
well defined upper (fu) and lower (fL) yield stresses would be 


recorded. On the other hand, had the steel been cut from a rolled M 
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steel joist the diagram would be similar to (b), with a limit of nt - 
proportionality (P) probably well below the yield point, little or Me 


no evidence of an upper yield point and the strain at B, the point 
at which strain hardening starts, about 10 to 15 times that at A. 
But provided the lower yield points of these two steels were equal 
the load carrying capacity in bending would be unaffected by the 
other differences. Hence for the purpose of structural design it 
will usually be sufficiently accurate to assume the idealised stress/ 
strain diagram (c) in Fig. 2. 


In the elastic range the stress distribution across the section 
of a loaded beam will be the same as that shown in Fig. 3 (a), 
but with an extreme fibre stress of some value f. As the bending 
moment is increased this condition will be unchanged until f 
reaches the value fy, the.yield stress of the material. Then in 
accordance with the stress/strain relation (Fig. 2 (c)), as the bending 
moment is increased further, the stress in more and more fibres 
will reach the yield value and remain constant at this value, until 
finally, when the whole section has yielded, the stress distribution 
will be of the form shown in Fig. 3 (c). Consider now how this 
affects a simply supported beam of rectangular section subjected 
to an increasing symmetrical two-point loading ((a) Fig. 4). Its 
behaviour can best be followed from the load deflection curve 
in Fig. 4. From O to A the beam is fully elastic, and when the 
deviation from the straight line occurs at A it will be found that 
the yield stress has been reached in the extreme fibres over the 
centre portion of the beam, where the stress distribution will be 
that corresponding to Fig. 3 (a). The moment of resistance in this 
length will be denoted by my. Further increase in load (B) is 
reacted by yielding penetrating deeper into the section and spread- 
ing towards the supports as indicated by the shaded areas in 
Fig. 4 (a), which are referred to as plastic zones. By the time the 


load has reached the value at C, yielding has taken place right 
across the section in the central portion of the beam to give the 
stress distribution in Fig. 3 (c) and the moment of resistance will 
now be equal to the full plastic value mp. Any further increase in 
load causes collapse. 


The ratio of the loads at A (Py) and C (Pp) can be obtained from 
a consideration of the corresponding stress distributions across 
the sections of the beam subjected to maximum bending moment. 
For the load at A, the whole of the beam is still elastic and the 
moment of resistance is given by 
my = f,Z = fy bd? 
where b is the width and 2d the depth of the rectangular section. 
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At C the beam is on the point of collapse, the stress distribution 
is rectangular (Fig. 3 (c)) and the moment of resistance can be shown 
to be 
Mp = fyS = fy bd?. 
Thus since the loads at A and C are proportional to my, and mp 
respectively 
Pp mp S 
Py, my Zz 


It will be noted that the value of this ratio is dependent only 
upon the geometrical properties of the section and is therefore 
called the “shape factor” (s). Different sections will have different 
factors and for most Standard | beams bent about the major 
axis it is about 1-15. 


1-5. 


The more interesting case, however, is that of a beam forming 
part of a rigid framework. In Fig. 5 four joists all of the same 
section are subjected to uniformly distributed loads (W), and have 
the following end conditions: 

(a) simply supported, 

(b) encastré, 

(c) and (d) restrained as in a rigidly jointed portal frame with 

heavy and light stanchions respectively. 


The bending moment diagrams at the commencement of yielding 
are drawn in dotted line, those at collapse in full line and the 
ratio of the end (Mg) to the centre moment (Mc) in the elastic 
range is given with each set of diagrams. For the simply supported 
beam (a) let the moment at the centre to start yielding be My = my, 
then collapse will occur when the yield load (Wy = 8my//) is in- 
creased to Wp = 8mp// where mp = Mp the moment to develop 
full plasticity; the ratio of these loads is then 

Wp _ Mp _ mp 

Wy My my 
that is, the shape factor for the joist. When the ends are encastré 
(Fig. 5 (b)) the bending moment at the ends is twice that at the 
centre and yielding therefore starts at the ends when the load is 

Wy = 12my// 
and yielding will continue at these sections until they are com- 
pletely plastic; thereafter rotation takes place though the moment 
resisted remains constant at the value Mp. This condition can 
conveniently be described by the term “plastic hinge.”” When these 
hinges have been developed at the ends, yielding will already have 
started at the centre of the beam but further load has to be added 
before this section also becomes completely plastic, so forming the 
zones indicated by the shaded areas in Fig. 5 (b). Since plastic hinges 
have now been developed at both the centre and ends no further 
load can be sustained and the beam collapses. At this stage the 
bending moments are related by the equation 
Me + Mc - 2mp 
and since Mg and Mc must in total always be equal to the free 
bending moment W//8, the collapse load is 
Wp = 16mp = 16smy 
l 1 


and therefore Wp/Wy ats. 


= §, 


Thus the encastré beam is able to carry 33 per cent. more load 
after the beginning of yielding than the simply supported member. 


When the ends of the joists are restrained elastically—the more 
usual case in practice—the same criterion for collapse still holds 
good, namely, that plastic hinges must be developed at the ends 
and also at a section in the span of the beam. The portal frame in 
Fig. 5 (c) is a typical example of the case where the stanchions are 
stiffer than the beams (I; = 2Ip and h = //2). As compared with 
the encastré beam, the ratio Me/Mc is less and therefore more 
load (Wy = 14my//) can be carried before yielding starts at the 
ends of the beam. At collapse, however, the conditions are the 
same as before, the load is again Wp = 16mp//, and comparing 
this with the load for the commencement of yielding, 

Wp/Wy = 8/7 s. 
In the example (d), the beam is stiffer than the stanchions (I; = }Ip 
and h = /) and the ratio Mg/Mc is less than unity. Hence, assuming 
the depths of beam and stanchion section to be the same, yielding 
will now start at the centre of the beam under a load of 
Wy = 56my/S/. At some later stage in the loading yielding will 
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also occur at the ends, but because the stanchions are of lighter 
section than the beam the actual locality of yielding will be at the 
top of the former and the plastic zones will be those represented 
by the shaded areas in Fig. 5 (d). Thus for the sections assumed, 
the full plastic moment for the stanchion will be half of that for 
the beam and at collapse, 


Me + Mc = mp/2 + mp= Wp//8, 
W)p/Wy = 15/14s. 


It cam therefore be concluded that if four such joists were 
designed by the orthodox working stress method, those with 
restrained ends would have a greater margin of safety against 
collapse. If, however, it is required that the working load shall be 
a fixed proportion of the collapse load this anomaly disappears, 
and further, if this proportion were the same as that which obtains 
for a simply supported beam designed by the orthodox method, 
then the maximum economy would have been achieved. 


so that 


Single Storey Shed Type Buildings 

In 1945 Professor Baker, through the good offices of the British 
Constructional Steelwork Association, invited a group of designers 
to come to Cambridge to see how far work had progressed and to 
collaborate in the development of any design method which might 
be possible. Their interest was such that they returned on three 
subsequent visits of a week each, and formed a working party 
with the research team. It was agreed that there was sufficient 
knowledge to attempt a design method for simple structures of the 
single storey shed type, and the single bay rectangular portal frame 
was selected as an obvious starting point. 


In general a structure of this type will be subjected to both side 
and vertical loading, which for simplicity can be considered to be 
represented by the concentrated loads V and H as shown at (c) 
in Fig. 6. The bending moment diagram for these forces acting 
on a pinned base fiame can be built up by considering them 
separately as shown at (a) and (b). When the two diagrams are 
combined as at (c) the maximum bending moment will occur at 
D. If now the loads are increased yielding will necessarily occur 
first at this point and will continue until the full plastic moment 
has been developed and the joint acts as a plastic hinge. This 
conception can be carried further to the extent of saying that at 
collapse the structure becomes a mechanism and does so by 
developing a second plastic hinge at either B or C. Two hinges are 
necessary since the frame has one redundancy and to become a 
mechanism it must have one more hinge than the degree of 
redundancy. Actually, since in one case hinges can develop simul- 
taneously at B and C, three modes of collapse (Fig. 7) are possible 
for a pinned base frame, the occurrence of any particular one 
depending upon the values of the loads and the overall dimensions. 


In the course of the work with the panel of designers these modes 
of failure were examined in some detail and the bending moment 
distributions throughout the frame when on the point of collapse, 
were determined by a graphical construction due to Mr. F. A. 
Partridge. To apply this to the example in Fig. 8 (a) it is assumed 
that the working loads are Vy and Hw, and that the frame is to 
be designed so that it will collapse when these loads are doubled. 
In the first instance the reaction Ha is assumed to be zero, so that 
the free bending moment diagram ABgfE (Fig. 8(b)) can be 
drawn for the two loads. Then provided the positions of the 
plastic hinges are known, the construction can be completed by 
drawing the line AmnE to represent the moments due to the 
reaction Ha; for instance, in the case where these hinges occur at 
B, C and E the moments at the tops of the stanchions will be equal, 
and Bm is therefore made equal to fn. The resultant bending 
moment diagram is represented by the shaded area. The section 
of the beam can now be obtained by equating the moment corres- 
ponding to the length rg to the expression for the full plastic 
moment of resistance, 

Mc= Mp = 8 fy Z, 
and evaluating the modulus of section (Z). A. similar calculation 
depending upon the length fn determines the stanchion section. 
It will be noted that no consideration has been given to sizes of 
members until the final stages when they are determined directly; 
this is undoubtedly one of the most important advantages of the 
method. 


For the fixed base portal frame (Fig. 9(a)) there are three 
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redundant reactions and therefore at least four plastic hinges 
have to be formed for it to become a mechanism and so collapse. 
Under these conditions there are five modes of collapse as shown 
in Fig. 10. It should be noted that for modes (b) and (d)—which 
at first glance are the same—the hinge moments at the tops of the 
windward stanchions are of opposite sign. The distribution of 
bending moment at collapse can still be determined by the graphical 
construction (Fig. 9 (b)) by assuming the moments Ma and Me 
to be zero in addition to the reaction Ha. The free bending moment 
diagram is the same as for the pinned base frame; the effect of the 
moments Ma and Mg can be represented by a line stuv upon which 
are superimposed the moments due to Ha by drawing in the 
line snmv so that mn is parallel to tu. The resultant bending 
moment diagram is given by the shaded area, but its exact form 
can only be determined when the positions of the plastic hinges are 
known. 


In a particular problem the positions of the hinges can be found 
most easily by trial and error from a consideration of the geometry 
of the construction. Take, for example, the case of a fixed base 
rectangular portal frame (Fig. 9(a)), in which the members are 
to be of uniform cross section throughout and for which 

V = 2H and / = 2h. 
Then in Fig. 11 (a) 
fD = Hh 


rg -~ = Hh 


and 


If as a first trial it is assumed that collapse will occur according 
to mode (a) (Fig. 10), the hinge moments at the top and bottom 
of each stanchion must be equal and opposite in sign, so that, 
As = mB = fn = Ev = mp, 
s and m must be on opposite sides of AB and n and v on opposite 
sides of Ef. Since st is parallel to AB, 
mB = As = Bt 


thus mt = 2mp. 


Also, since uv is parallel to DE, 
uD = vE = mp. 

But it is known that, 
Hh = f(D = fn + nu + uD, 

and since mn is parallel to tu, 

nu = mt = 2mp, 

Hh = fn + mt + uD 

= mp + 2mp +mp, 

Hh. 
eer py 


The value of the moment transmitted by each of the four hinges 
is thus determined and the resultant bending moment diagram 
can now be constructed as shown in Fig. 11 (a). Finally the dotted 
line Au By 4... E, referred to for convenience as the limit line, is 
drawn parallel to smnv and at a distance mp from it. If the mode of 
collapse assumed is the correct one, the resultant bending moment 
diagram will nowhere cross the limit line, nor will the moments 
at the assumed hinges fall below it. By this check the mode assumed 
in the present case is incorrect, since the moment at the centre 
of the beam (rg) is considerably in excess of the value (or) given by 
the limit line. In a second trial it is an obvious step to assume 
that a plastic hinge also occurs at C; then since uniform sections 
are to be used throughout, rg must be equal to fn. This can only be 
achieved by mn moving parallel to ut and Ev increasing at the 
same rate as fn. Obviously m will fall below B and it is reasonable 
to assume that failure will now be according to mode (d) (Fig. 10) 
which requires that 
AS = Bm = rg = fn = Ev = mp. 
These conditions are fully satisfied by the diagram in Fig. 11 (b), 
since the limit line is nowhere exceeded and the full plastic moment 
(mp) is reached at all the assumed hinges. The section of the 
required joist can now be determined from the value of mp obtained 
from the construction, namely, 
Mp = Hh/2. 


In these portals the design of the stanchion has been based 
entirely upon its flexual strength and the effect of axial load 
ignored. Generally speaking this will be satisfactory for the single 


and therefore 


or Mp 
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storey frame, since the stanchions are invariably of the stocky 
type and no consideration need be given to strut action. It may, 
however, be necessary in certain cases, where unusually heavy 
axial loads are carried, to take into account the reduction which 
they cause in the full plastic moment. This effect can best be 
demonstrated by considering the simple rectangular section in 
Fig. 12 (a); if a member of this section is subjected to a direct 
stress (p) in addition to a bending moment, then when their 
combined action is sufficient to produce yielding right across the 
section, the resultant stress distribution will be that shown in 
Fig. 12 (b). The neutral axis (NN) is displaced from the centroidal 
position (GG) and the moment of resistance is given by the 
expression, 


Mp (f f. bd? 


Thus when p is equal to the yield stress fy the section is incapable of 
carrying any bending moment whatsoever. The similar effect 
in the case of a 15 in. by 6 in. joist can be seen in Fig. 13. The initial 
reduction in the full plastic moment (mp) is small as compared with 
that of the moment at the commencement of yielding (my), and as 
long as the direct stress is of the order of 2-3 tons/in., it can safely 
be neglected as in the examples described in this paper. 


These simple principles have now been extended to more practical 
design cases and an example of their application to a three bay 
pitched roof portal frame is to be found in a recent paper by 
Professor Baker. * 


The task of examining the behaviour of the rectangular portal 
frame would not have been complete without some experimental 
verification of the modes of collapse, though any attempt to cover 


Hh every case would have necessitated an excessively large number of 


MOMENT OF RESISTANCE (Tons Fr) 
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AXIAL STRESS (TONS 


FIG. 13. 
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tests. However, a satisfactory compromise was found by confining 
attention to the fixed base portal and testing a series of miniature 
frames of constant overall dimensions, namely a span of 4 in. 
and a stanchion height of 2 in. as shown in Fig. 14. The loads were 
applied through the chains A and B and by varying the ratio of 
the horizontal to vertical load and that of beam to stanchion 
section, it was possible to include examples of every mode of 
failure. Deflections were recorded at C and D and collapse was 
considered to have occurred when these became excessively large. 


FIG. 14 


Though these tests have largely confirmed the earlier conclusions, 
it is not unnatural that the designer, before he feels able to use this 
information with confidence, requires some confirmation from tests 
on full scale structures. Unfortunately, tests of this kind are far too 
expensive to be carried out in any number, and it was therefore 
necessary to limit them to the checking of a few of the more severe 
loading conditions. For the first of these tests a frame consisting of 


* Baker, J. F., “The Design of Steel Frames,” 7) wineer, 
ar Design rames,” The Structural Engineer, 
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two pinned base portals (Fig. 15 (a)) was erected at the research 
station of the British Welding Research Association. The beam 
span was 16 ft., the stanchion height 8 ft., and both members were 
of 8 in. by 4 in. rolled steel joist, mitred at the knee connection and 
welded to a § in. division plate. The simultaneous application of 
equal side and vertical loads produced the distribution of bending 
moment necessary to cause collapse according to mode (b) (Fig. 7), 
a severe condition since the whole of the windward half of the beam 
becomes fully plastic at collapse. The loads were applied by means 
of large steel tanks, one attached to the centre of each beam 
and another suspended from each of the cables attached at the top 
of the leeward stanchions and passing over heavy pulleys in the 
frame A. Approximately 75 per cent. of the loading was applied 
by placing scrap steel in the tanks and the remainder by running in 
water. Deflections were recorded by gauges located above the 
centres of the beams and at the tops of the windward stanchions. 
Full information about the stresses in the frame at all stages of 
the test was obtained from Maihak acoustic strain gauges fitted 
at three sections on the stanchions and six on the beams. Collapse 
occurred (Fig. 15 (b)) when the load in each tank was within 
1 per cent. of the calculated value of 5-75 tons based on the full 
plastic moment determined from a beam test on a length of the joist. 


The Multi-storey Rigid Frame 


The hope of extending the plastic design method to the multi- 
storey rigid.frame depends very largely upon the ability to over- 
come the difficulties of dealing with the continuous stanchion, 
which has so far proved a most intractable problem. The behaviour 
of the continuous stanchion in the plastic range when forming 
part of a rigid frame has been investigated extensively as described 
in a number of reports published by the British Welding Research 
Association. * Though the present short paper does not permit of 
any detailed discussion of the problem, brief reference to the 
experimental work should be sufficient to show that the study 
is well worth pursuing and holds out prospects of considerable 
economy in proportioning continuous stanchions. 


Tests have been carried out on the two types of frames shown in 
Fig. 16, in each of which the mild steel stanchions were of rect- 
angular.section. The beams were of somewhat heavier section and 
of high tensile steel to ensure that at collapse failure would te 
confined to the stanchion. The beams were arranged so that under 
load they would cause the stanchion in frame (a) to bend in single 
curvature and that in (b), in double curvature. Taking the single 
curvature frame as an example, it was set up in a special loading 
frame (Fig. 17), held in position by lateral bracing wires and loaded 
by levers having suspended from their ends containers into which 
lead shot was run. A test was commenced by applying equal loads 
of given value to the beams through the levers (a), and thereafter 





“0 


an additional axial load, simulating the effect of loads from the 
upper floors of a multi-storey frame, through the third lever (c) 
and increasing it until the stanchion collapsed, In this way it was 
possible to study for a given type of frame the variation in collapse 
load with change in beam loading. Results of typical tests are 
shown in Fig. 18, where the observed central deflection of the 
stanchion is plotted against the axial load. At (a) the first part 
of the curve (OA) represents the deflection produced by applying 


* See 
Behaviour of Steel Frames in the Plastic Range,” Journal 1.C. 
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to each of the beams a load of 1-5 tons, while the latter part is due 
entirely to the additional axial load. A maximum compressive 
stress equal to the yield stress of the material was developed under 
an axial load of 4-5 tons and collapse occurred at 6°8 tons. From 
the curve at (b) for an identical frame subjected to beam loads of 
3-0 tons, it will be seen that yielding started in the course of the 
beam loading at an axial load of 1-2 tons and collapse occurred 
at 6-2 tons. The significance of this in design is that according to 
the orthodox design method the permissible axial load would be 
no more than 0-6 tons for a stanchion capable of carrying nearly 
ten times this load. 
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In Fig. 19 are shown the results of a number of tests on frames 
in which stanchions of I-section were bent about their minor 
axes in single (a) and in double curvature (b). In this case the 
beam loads applied in each test are plotted against axial load in 
the stanchion; the full line indicates the axial load at which yield 
first occurred and the dotted line the mean of the experimental 
collapse loads. It will be noticed that as the beam loads become 
heavier, the axial load to develop the yield stress of the material 
decreases rapidly with hardly any corresponding reduction in the 
collapse load. This is particularly true of those stanchions bent in 
double curvature which, if they were restricted to a working load 
depending upon the usual permissible stress, would have ridicu- 

rr ae ; be 2 we lously high load factors. It must therefore be concluded that the 
CENTRAL DEFLECTION OF STANCHION Obi ns: Cot eric ed etabicitiet stanchion in the rigid frame structure is nothing like as sensitive 
(weer TSS (ume 1335) to the effect of end moments as it is commonly believed to be. 
(2) b) 
FIG, (8. Conclusion 


It is hoped that the brief account given here of some of the 
researches concerned with the behaviour of rigid frame structures 
: os cua! in the plastic range is sufficient to underline the arguments in 

of es favour of thinking in terms of factored loads—rather than per- 

STANCHION SECTION missible stresses—when dealing with this type of frame. Anyone 

RL or ee ee who has undertaken the laborious elastic analysis of these frames 

cannot fail to be attracted by the two main features of the 

design method suggested; first, the considerable saving in design 

time, and second, the fact that the sizes of members are determined 
directly in the final stages of the work. 
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It is, too, encouraging to see that the new British Standard, 
though somewhat cautious in the load factor specified, has 
prepared the way for the use of this plastic design method, an 
opportunity of which designers are not generally aware. It must, 
however, be admitted that there is still a long way to go before 
there is available a comprehensive method capable of being applied 
to any rigid frame. By far the most difficult problem is that of 

s { the continuous stanchion in the multi-storey building. On the 
|___ TOTAL LOAD On EACH BEAM (fons) | Other hand, in those structures where the axial loads in the 
ey . Fe ST aa St stanchions are small—as is often the case in the single storey shed 

type building—the method should have some immediate application. 
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SINGLE CURVATURE DOUBLE CURVATURE In conclusion, the author would like to thank Professor J. F. 


BENDING. BENDING Baker, Head of the Department of Engineering in the University 
(a) (b) of Cambridge, for his permission to make use of the material from 
18. which this paper has been prepared. 
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THE SIR WILLIAM J. LARKE MEDAL PAPER 


THE CONTROL OF DISTORTION IN 
ARC WELDING 


By R. G. BraitHwalte, M.I1.C.E., M.Inst.W. 


This paper, read to the Birmingham and Wolverhampton Branches of the Institute last 
autumn, and awarded the Sir William J. Larke Medal for 1949, describes methods of 
controlling distortion in the arc welding of mild steel for structural assemblies. Based on 
examples selected from a long and varied experience, it gives designers many highly 


practical suggestions. 


The paper will be presented and discussed at the Spring Meeting of 


the Institute in Birmingham this April. 


(1) When a piece of metal is heated it expands. 

(2) When a piece of metal cools it contracts. 

(3) When a piece of metal is heated it loses strength but gains 
ductility. 

(4) When a piece of metal is cooled it gains strength but loses 
ductility. 


These four statements are the fundamental rules which govern 
the control of distortion in welding. The problem is complicated, 


Mr. R. G. Braithwaite, M.1.C.E., M.Inst.W., is Weld- 
ing Consultant, Braithwaite & Co., Engineers Ltd., 
responsible for the development of welding as applied 
to steel structures and fabrications. He has been a 
Member of the Institute since March 1936, was a founder 
member of the South Wales Branch, and is a past Chair- 
man of the Birmingham Branch and a member of the 
Council. Mr. Braithwaite served on the Research Com- 
mittee before it was transferred to the British Welding 
Research Association, represents the Institute upon a 
number of technical committees of the British Standards 
Institution, as well as upon the Codes of Practice Com- 
mittee and the Professional Institutions Committee of 
the Ministry of Works. He is also the Vice-Chairman 
and Chairman elect of the Midlands Association of 
the Institution of Civil Engineers. 


however, by the fact that in welding the material is not heated at a 
constant temperature throughout, but is subjected to very great 
heat concentrated at certain areas, the volume of heat bearing no 
definite relationship to the parts involved. It is thus impossible to 
produce mathematical formulae which will cover the problem 
and we must fall back on general experience to devise methods 
enabling us to predetermine the nature and extent of the distortion 
produced. 


When a piece of metal is heated it expands. What happens if 
that piece of metal is prevented from expanding? If a metal bar is 
held in a strong vice and heat is applied, the tendency of the bar to 
expand is resisted by the vice. As the temperature of the bar rises 
its strength decreases and the force required to hold it becomes 
less; in other words, the specimen yields by plastic flow. When, 
however, it begins to cool, there being nothing to prevent its 
contraction, the specimen shrinks and falls out of the vice, when 
it will be appreciably shorter than before. 


Assuming that the vice is absolutely rigid and will not yield 
under the stresses imposed and that the bar is of sufficient propor- 
tions not to buckle, it is possible to predetermine the amount of 
contraction exactly, and to calculate the :tresses imposed on the 
vice during heating. But the results have no practical value in the 
solution of the welding problem. 


Large Electrodes 

We can, nevertheless, obtain some insight into the probable 
behaviour of a weldment if we consider the weld and the adjacent 
heat affected zone as the bar, and the surrounding parent metal 
as the vice. In this case the “vice” may not be sufficiently rigid to 
withstand the stresses, the “bar’’ may not be proportioned to resist 
buckling, and it certainly will not be heated to the same temperature 
throughout its length. 


If a bead of weld metal is deposited on a piece of steel plate, the 
plate will be heated locally somewhat on the lines indicated in 
Fig. 1. 

That portion of the plate within the line A.B.C. will be heated 
to the plastic range, but will be restrained from expansion by the 
surrounding cold area. When it cools and starts to contract, it 
will produce a state of strain in the parent metal, sufficient to pull 
the plate together and cause it to buckle. 


The amount of buckle will depend upon the size of the bead, 
the thickness of the plate, and the rate of deposition. For a given 
size of bead a weld laid down with an 8-gauge electrode at 140 amps. 
will produce far more distortion than a similar weld laid down 
with a }-in. diameter electrode at 320-330 amps. The reason is 
that with a slower rate of travel the heat-affected zone is wider than 
would be caused by a larger electrode with its greater speed of 
travel. 


“For a given size of weld, the larger the electrode that can be 
used, the less the distortion.” 

This statement is made in spite of many assertions that it is 
not so in practice. The reason why it does not always come out 
right is that the welder tends to lay a heavier bead when using a 
bigger electrode. The operative requirement is that the weld bead 
size must be the same, So in setting out to correct distortion by 
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using a bigger gauge electrode, take care to see that the operative 
is trained to lay the correct size bead. An operator trained to lay 
down a }-in. fillet weld with a 6-gaugerod at the rate of 11 or 12 ins. 
per length of rod, find it very difficult to change the speed of travel 


MILO STEEL PLATE OURING WELDING 


MILD STEEL PLATE AFTER WELD HAS COOLED 


iia se ASS Wt Nor eine 


so as to lay down 16 or 18 ins. of weld from a }-in. diameter rod. * 


When a }-in. fillet weld is laid against a T section, as in Fig. 3, 
the resultant distortion of the base plate will be something in the 
following order:— 

Table 1.—Estimated Distortion in a Flange Plate due to 

Fillet Weld in 64ths of an Inch 


Thickness T. in Inches 


Width in Ins. rd 
1} 
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The above table gives the distortion “d” in 64ths of an inch 
when the plates are welded with }-in. fillets with normal penetration 


* “Costing of Arc Welding,” by R. G. Braithwaite, Trans. 
Inst Welding, vol, 10, py. 10-12 (February, 1947). 
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electrodes. For other sizes of fillets multiply the above figures by 
the following factors:— 
i in. 
sin. = 1 
? in. 18 
When using these figures it must be borne in mind that distortion 
will be influenced by the treatment of the plate during the manu- 
facturing process, i.e. cold rolling and straightening will produce 
local hard surfaces which will restrict or accentuate the amount 


1-15 
S 


of distortion. In practice the above figures are found to be reliable 
within % in. 


When distortion is resisted by glanding down or presetting, the 
amount of deflection required is half the above figures, as the strain 
in the outer fibres due to this process restricts the distortion pro- 
duced by the weld. 


Butt Welds 


Transverse distortion in a butt weld does not depend upon the 
thickness or size of the weld, but on the number of runs made. 
Thus, from Table 2 it will be seen that a 1-in.—60° V butt weld 
made with 18 runs of 6-gauge electrodes would distort 1} ins. 
in 12 ins., as compared with a deflection of § in. in the same weld 
laid with 6 runs of 3 in. diameter electrodes. 


Table 2. Transverse Distortion in a 60° V Butt Weld per 
12 ins. Width of Plate (Sez Fig. 4) 


Distortion Distortion 


Inches 


Inches 
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It must be noted that the figures given in table 2 record the 
angular distortion. If it is desired to insert packings, etc., to 
counteract distortion, the amount of packing to be inserted on each 
side of the joint will be half the above figures. It must also be noted 
that the distortion is expressed in terms of height against a base of 
12 ins. and correction must be made for other plate widths and/or 


points of support. The tablé is based on the assumption that straight 
bead deposits are laid and does not allow for weaving runs, which 
of course would yield entirely different results. Moreover, it is 
assumed that the plates are not held in any way; if the work is 
restrained then the figures will need to be revised according to the 
amount of restraint imposed by the holding devices and the rigidity 
of the bed. 

In addition to the transverse distortion there is longitudinal 
contraction due to the shrinkage of the weld metal and adjacent 
parent metal. Whilst this is by no means as marked as the transverse 
distortion, it plays a part in inducing a camber in the weldment. 

When a bead of weld metal is deposited on a plate, the longi-. 
tudinal contraction causes the plate to buckle or deflect. The 
amount of deflection will depend upon the thickness of the plate, 
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welding is balanced and the weldment will remain straight, although 
slightly shorter in length. It must, however, be noted that the 
welding on both sides must be carried out at the same time. If the 
welding on the one edge is completed first, the camber induced will 
not be flattened when the other weld is laid and the weldment will 
either retain its camber, or be twisted. In any actual production 


job care must be taken to ensure that a welding procedure is 
laid down that will balance the welding evenly on either side of the 
unit, such as is indicated in the accompanying diagram:— 


Balancing Welding , 

In a complex structure it is sometimes difficult to balance the 
welding. A certain amount of distortion is then unavoidable, and 
the designer should take care to distribute the welding so that the 
centre of gravity of the welds coincides with the centre of gravity 
of the completed article. 

For instance, to take a simple case, the plate girder depicted 
would be adequately welded if the bottom or tension flange were 
welded intermittently instead of continuously, as shown. This 
would reduce theJamount of welding by half, but would put it 


Butt joints A A welded priar fo assernbly 


the size of the bead and the order and sequence in which the 
weld is laid down. When a bead of weld is deposited on a Tee 
section, the stiffening effect of the vertical leg tends to restrict the 
deflection, and in many cases it is sufficiently stiff to cause the 
deflection to take place in the opposite direction. The amount of 
deflection will depend upon the relative sizes of the plates and 
the weld. 

It is difficult to predetermine the amount of camber, as the trans- 
verse distortion plays some part in accentuating it. 

If another plate is welded on the opposite side of the Tee, the 


out of balance and thus make it extremely difficult to prevent the 
girder from cambering. 

U-shaped and T-shaped sections (Fig. 6) are often required in 
structural work. These should be avoided in lengths of more 
than about 10 ft., as they are extremely difficult to produce without 
camber, and every endeavour should be made to provide for welding 
on the upper edges, preferably by attaching stiffening flats, as in 
Fig. 7, the size of the welds being increased so that their centres 
of gravity are as nearly as possible equidistant from that of the 
plate. When unbalanced welding is encountered, distortion can be 
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avoided by adopting special assembly and welding procedure and 
the Author has successfully made welded sections 20 ft. long by 
means of the following process:— 


(1) Insert temporary diaphragms with sides out of square. 

(2) Lay down welds A. 

(3) Remove temporary diaphragms, when the thermal stress 
will allow the legs to spring upright. 

(4) Re-insert the diaphragms upside down. 

(5) Lay down welds B. y 


(6) Remove temporary diaphragms and insert correct rect- 
angular diaphragms. 


Care must be taken that the camber induced by longitudinal 
contraction is also avoided. This is accomplished by keeping the 
flange plate sprung away from the webs during the initial stages of 
laying weld A. 


This method requires very careful attention to details on the 
part of the shop supervisors and welders and makes the job 
uneconomic for production. It is cited here as a possible solution 
of a design problem and as a warning to the designer who oversteps 


Fig. 6. Sections difficult to weld due to unbalance welding. @ 
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FINISHED SECTION 
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the golden rule and fails to balance the welding evenly over the job. 


Unbalanced welding often occurs where purlin cleats and other 
fittings have to be welded to a rafter back or stringer joist (Figs. 10, 
11). 


Glanding 

When glanding work together back to back in this fashion it is 
important to see that the packings are placed at the quarter points 
of the structure and not midway. A single packing placed midway 
creates too large a local stress and the camber is not correctly 
eliminated. 


Placing work back to back is quite a useful expedient to overcome 
distortion, especially if the parts can be mounted on a trunnion or 
tilting table, so that welding can be done on either side alternatively 
to balance the heat effect. To this end it is sometimes helpful to 
introduce copper packings instead of steel, thus expediting the heat 
flow from one side to the other. 


The making of a butt weld in heavy plate by this method is shown 
in Fig. 12. 


The stresses in the glanding bolts are of interest. Troubles were 
encountered in early attempts to make these butt welds singly, 


FLANGE PLATE PULLED UP TO WEBS BY WELDING CONTRACTION 
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and so the stresses were recorded by means of Huggenberger 
Tensometers set up on the bolts. The parts were glanded to a heavy 
joist stallage by means of long j-in. diameter bolts, inserting pack- 
ings to give the required angular slope indicated in Table 2. By 
the time the welds were half completed it was obvious that they were 
pulling too much and that the completed weld would leave the 
plates with a considerable amount of angular distortion. An 
investigation disclosed that the j-in. diameter glanding bolts were 
stretching. It was estimated that each of these bolts was carrying a 
load of about 7 tons, as they were placed at a distance of 9} ins. 
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the centre of the weld, which was later confirmed by the 

of 3-05 10ns obtained on 1}-in. bolts 1 ft. 7 in. from the 

load of 7 tons on a }-in. diameter bolt 2 ft. 6 in. long will 

it to stretch about 4 -in, and this, in fact, was what was dis- 
turbing the angular setting. In view of the high stress imposed on 
welds it was decided to place them back to back, inserting a 
copper bar between the welds. It is interesting to note that after 
initi had been laid there was a steady rise of load from 

as the weld was laid across the joint, falling off 


produced at short notice. As a particular machine was not avail- 
able, it was not convenient to machine the cup portion of the bear- 
ing after welding, and it was desired to do this prior to welding. 
After several attempts had been made it was found possible to weld 
the bearings up in accordance with the procedure indicated, with 

maximum distortion of -004 to -005 in., and then to lap the pin 
in with the aid of a light grinding machine. 


Asa rule it is neither profitable nor desirable to weld in machined 
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parts without subsequent machining, but the case cited shows 
what can be done when other means fail. 


It is believed to be common practice to weld in stainless steel 
parts into large electrical machinery to a tolerance of -002 in., 
but these are exceptional cases, not to be recommended to a 
structural engineer for economical production. 


Shrinkage in Plate Girders 


Longitudinal contraction in plate girders is difficult to calculate, 
but observations have been taken on numerous occasions and the 
results of some of these are recorded in Table 3. In this table all 
welding is computed on the basis of conversion to } in. equivalent 
fillet weld (see paper on “Costing of Arc Welding” cited above). 
In this we have a constant value for calculating the volume of weld 
per unit. From these figures and other results we have deduced the 
following general rule:— 


“Welding shrinkage is in the order of } in. per 100 ft. of 
weld per ton (} in. equivalent) and varies at the rate of + in. 
per 20 ft. of welding above or below this figure.” When 
welding reaches 400 ft. per ton the: contraction represents a 
stress equivalent to the yield stress of the material and the 
resultant shrinkage values become indeterminate.” 


Bearing in mind the influence of the treatment the plates may have 
received during the flattening and rolling processes, and the effect 
of welding procedure, it is reasonable to expect this rule to be 
reliable within about } in. Table 3 gives an idea of the reliability 
of this method. 


The shrinkage figuies appear to apply equally for automatic 
and manual methods of welding; tests carried out have failed to 
reveal any material difference between the two processes. 


The longitudinal distortion due to V butt welds is difficult to 
assess. The final result appears to depend upon the initial width 
of the gap and the methods of glanding, and for this reason plenty 
of material should be left for subsequent cutting to length. A useful 
rule is to make the original lay-out of the parts about 4 to ¢ in. 
longer than the width of the gap. 


Step Back Method 


The step back method of welding often materially assists in 
reducing distortion. In this method the second and subsequent 
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welds are commenced a run length away from the finished weld 
and the weld laid to join it. This considerably helps in obtaining a 
more even distribution of heat, as the end of the completed weld 
has plenty of time to cool off before the adjacent weld meets it. 
It is disliked by most welders, as it calls for a little additional skill 
to maintain the correct run-on length, so that neither is the rod 
consumed before the adjacent weld is met nor is there too much 
rod left to go for waste. Once a welder is drilled into this method, 
he seems to develop a cleaner technique and the resultant welds 


Fig. 14. 


have a better appearance of neatness. Human nature being what 
it is, it is difficult to get welders to develop this technique and 
stick to it, but if those responsible for training and supervising the 
welders are sufficiently keen it can be done. 

In all cases it pays to draw up a complete and detailed schedule 
of the order of assembly and sequence of welding step by step, 
so that in the event of difficulties arising it is easy to determine 
which of the welds is causing trouble. It is astonishing how difficult 


Table 3. 


Dimensions 
Length ‘ 


| Weight per 
| Foot Run 


Welds 
Web Flange 

Lbs. Ins. 

180 33} x! 


rm: 3 


Ins. 
16» 


In. 


2i 


Ft. 
28 
} x21 
i i12 
}-11 


23 152 333} 


54 67x 4 
32x 
32x 4 


115 x13 


48x | 
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15x fe 
344 x | 
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n. 
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it is otherwise to reconstruct the order and sequence of laying 4 
particular weld, especially if two or three welders are engaged, 
and it is much better to draw up a strict welding procedure and 
insist upon its being followed. Even if the result does not come 
out right at first, there is then a detailed plan available, which 
enables the sequences to be checked and thus creates an oppor- 
tunity of correcting the work. 


As an example of this method of working, here is the welding 
procedure laid down for welding up box sections for the end 


———_ 


Hoe: 


eid shee te oly 


-- | aera 


ead 


portions of floating bridge girders. These sections were 12 ft long 
overall, made from j in. plate, drilled and profiled prior to 
assembly :— 

Operation 1. 


2 


Lay down bottom plate. 

Lay down side plates and insert stiffeners and 
temporary spacer bars. 

Tack-weld plates and stiffeners as indicated. 
Remove unit from assembly jig and mount in 
trunnion jig for rotating parts to obtain downhand 
welding. Note the top flange detail is still omitted 
at this stage. 

With the work lying on its side, complete fillet 
welds on stiffeners to side plate and side plate to 
flange plate inside only. 

Turn over through 180° and weld other side 
similarly. 

Fit in and weld special eye casting in hole between 
baffles 3 and 4. 

Welding inside box is now complete, with the 


Girders and “H” Sections 


Feet of Weld per 
Ton Equivalent. 
j in, —_— 


Shrinkage 


Calculated 


Total Weight 
Tons 


Cherver 


2-26T 78 


1-62T 91 
10-4T 44 
1-18T 
1-81T 


1-47 

3-67 
“IS 
“18 
“14 

2-3 
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exception of top flange, which is now assembled 
into position, using special cleats to register the 
holes with those in the existing side plate. 

. Weld external seam top and bottom flanges to 
side plate working to sequence laid down in 
sketch, and inside seam of top flange where 
accessible. 

< 10, Turn through 180° and complete welds as in 9. 


This procedure is simple and straightforward to follow and 
having a fully detailed diagram with the operation notes copied 


FINISHED WELD 


6 Rea eae LEncT#————-o 


thereon, the workers were able to produce numbers off without 

any trouble, although as can be seen from the sketch, considerable 

twisting and deformation would have resulted from departure from 
. these instructions. 


Other forms of welding procedure for bridge and structural 
details are shown in_the attached sketches. (See Figs. 17 & 18 
attached.) 


This paper is limited to the use of mild steel. High tensile steels 
and special alloy steels will behave quite differently. Unfortunately, 
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the amount of welding done on. spécial steels ‘has not been of 
sufficient volume for us to state to what extent their behaviour 
with regard to distortion differs from that of mild steel. 


A study of the thermal properties of these steels, as compared 


Table 4. Thermal stupas of Steel 


Armour Plate Stainless 
34% Ni Steel 


7:86 
1440° C, 


Mild 
Steel 


795 | 
1450° C. | 


Apecific weight .. op 
Melting point . | 1353°C, 
Co-efficient of thermal 
conductivity at 100° C. 
Specific electric resistance 
per cub. cm. at 20° C. 
Linear expansion per de- 
gree from 20° C.-800° C. 


7-73 


O11 0-09 0-042 | 


10-5 x 10-6; 30x10-6  77x10-6 


| 
| 
al 1 


1210-6 | 142x10-6 | 18x 10-6 


with those of mild steel shown in Table 4 indicates that consider- 
able variations in the foregoing precepts will be needed. The relative 
strength and stiffness of the material will give rise to an entirely 


new set of factors requiring a very different approach to the 
problem. 


Many of the examples quoted here are selected out of a mass of 
production. Many cases occur where, owing to the size and thick- 
ness of the parts joined, the spacing and positioning of the weld, 
the apparent distortion is insignificant and does not require such 
elaborate procedure control as recommended. The paper may yet 
serve to indicate the nature of the problem and to assist designers 


to avoid some of the major pitfalls that make welding unpopular 
and uneconomic. 
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Abstracts from Current Welding Literature 


(Compiled by L. C. Percivat, B.Sc., B.MeET.) 


This section of Transactions gives a selective list of abstracts from current welding literature which it is considered 
will be of interest to members of the Institute. It is compiled by Mr. L. C. Percival, with the co-operation of a number 


of firms and honorary abstractors. 


Items marked with an asterisk have been obtained by courtesy of Metropolitan Vickers Electrical Co. Ltd., from their 
Technical News Bulletin. Initials given in parentheses at the foot of abstracts are those of the Institute’s Honorary 


Abstractois. 


Publications mentioned in the lists below are available to members of the Institute and borrowers will facilitate matters 
if they will quote the appropriate reference number printed beside the periodical entries. 


ARC WELDING—Electrodes 

1389. MYERS, F. W. 

Operating characteristics of arc welding electrodes 
Steel, vol. 125, 1949, Sept. 19, pp. 78-84. 
The author discusses factors incidental to the determination of 
operating quality of different types of American electrodes. 
Metal flow, coatings, penetration characteristics, and factors 
influencing the properties of the weld metal are considered. 


ARC WELDING—in Inert Atmospheres 

1390. MARSHALL, W. K. B. 
Survey of principles, applications and developments of the 
argonarc welding process. 
Sheet Metal Industries, vol. 26, 1949, Nov., pp. 2427-2438, 2440. 
The characteristics of the argonarc are discussed for D.C. 
welding with the electrode negative and positive and for 
A.C. welding. Several methods of rectification are given. 
Details of equipment include the welding torch and the trans- 
former or generator. A section then follows on design and 
technique which includes a table giving a guide to the size of 
tungsten electrode required for various welding currents 
and types of equipment, and information on argon flow and 
preparation of work. The application of argonarc to various 
materials and alloys is then considered with reference to mild 
steel, stainless steel, aluminium and its alloys, magnesium and 
its alloys, copper and its alloys and nickel and its alloys. Factors 
influencing the choice of equipment, the economics of arc 
welding and the advantages and disadvantages of arc welding 
are summarised and mention is made of two developments in 
the process which have taken place in the United States. The 
bibliography comprises |7 references. (A. G. T.) 


1391. HOPPER, A. J. 


Inert hielded arc-welding aluminium pressure vessels. 
Welding J., vol. 29, 1950, Jan., pp. 31-35. 
The author describes the use of the inert-gas-shielded arc 
process in the fabrication of complex weldments and vessels 
made in aluminium. The necessity for clean welding edges 
and filler rod, and good fit-up of joint faces is emphasised. 


BRAZING 


1392. SPENCER, L. F. 

How to silver braze and solder stainless steel. 
Iron Age, vol. 164, 1949, Sept. 15, pp. 69-74. 
The author deals with the techniques of soft soldering and 
silver alley brazing of some types of stainless steel. Joint 
design, fluxes, alloy compositions, and cleaning procedure are 
discussed. 


CARBON ARC WELDING 


1393. HENZLIK, W. C. 

Carbon arc welds cast-iron press. 
Welding Engineer, vol. 34, 1949, Sept., pp. 32-33. 
The author gives details of the repair of broken brackets of a 
cast-iron frame of a press, by carbon-are welding. He states 
that, ordinarily, the job would have been done by oxy-acetylene 
welding, but due to the absence of one of two skilled oxy- 
acetylene welders, it was decided to use carbon-arc to avoid 
delay in the repair work. The changes in procedure necessary 
are cited. 


FLAME CUTTING 


1394, SMITH, R. 

Powder cutting buttons and skulls. 
Iron Age, vol. 164, 1949, Nov. 24, pp. 68-69. 
The author describes the flame cutting of buttons and skulls 
up to 60 in. thick, by the powder injection method. A table 
gives the costs of cutting-torch operation, and photographs 
show the type of heavy cutting work accomplished. After the 


operators gained experience they were able to cut an average 
of 40 tons of buttons, to open-hearth furnace charging size, 
in an 8-hour shift. 


RESISTANCE WELDING.—Projection 


1395. STEDMAN, G. E. 

Projection welding speeds gas ranges. 
Welding Engineer, vol. 34, 1949, Sept., pp. 17-19. 
The author describes how the use of resistance welding enabled 
the production of a gas cooking unit to be greatly increased. 
In some cases production increased by 300 per cent.; 175 oven 
units are produced per hour. 


SURFACING 


1396. PRICE, W., and FAAS, C. V. 

Automatic hard facing speeds production over manual 

methods 
Materials and Methods, vol. 30, 1949, Nov., pp. 64-65. 
Steel cutter bars used in earth-moving equipment are 10 in. 
to 116 in. in length, made from 0-50 to 0-60 per cent. carbon 
steel, and hard-surfaced about j in. wide with the Union- 
melt machine using a chromium-manganese-silicon-molyb- 
denum-iron deposit. Using 600 to 700 amp., the welding head 
travels at the rate of about 19 in. per min., and a layer of 
hard material about 4 in. thick is deposited in one pass. The 
bars are then stress relieved and heat treated to a spring 
temper. Economies result from the high rate of deposition 
and the ease and uniformity of production. (M. R.) 


1397. CUNNINGHAM, J. A. 

Cutting maintenance costs with 

electrodes. 
Welding J., vol. 28, 1949, Dec., pp. 1162-1165. 
Where metal to metal contact is involved, hard grades of 
aluminium bronze electrodes (160-300 Brinell) provide low 
friction non-seizing surfaces and can be applied to high carbon 
alloy tool steel, cast iron and bronze without danger of spalling. 
Gears, pinions, shafts, etc., are repaired or surfaced by arc 
welding to give a life better than new. Joining and repair of 
alloy steel components is also carried out. (M. R.) 


aluminium-bronze 


1398. SHARP, H.W. 

Developments in automatic hard facing. 
Welding J., vol. 28, 1949, Nov., pp. 1037-1039. 
Automatic application is readily adapted to parts on which 
hard facing may be laid in a series of continuous stringer 
beads on a cylindrical piece or on flat work. Automatic hard- 
facing wires are produced on special machines which form a 
continuous tube from mild-steel strip; the granular or 
powdered-alloying ingredients are added as the strip is being 
formed. lron-base materials can be produced with alloy content 
as high as 60 per cent. One group of hard-facing wires is made 
with alloy content varying between 5 and 10 per cent., with 
hardness values ranging from 35 to 55 Rockwell C. Another 
roup of hard-facing wires includes those containing alloys 
rom 10 to 35 per cent. Tungsten carbide tube-type material 
is also available. A number of manufacturers are using the 
process for such jobs as tool joints for drill pipe, blades for 
carrying-scraper units, coal augers, tractor rollers, etc. (M. R.) 


1399. ACETONE ILLUMINATING AND WELDING CO. LTD. 


Hard facing. 
Welding Bulletin, July, te Sept., 1949. 


This issue is devoted to hardfacing and gives properties and 
deposition characteristics of the Haynes Stellite alloys and 
Cobalide alloys. The hardfacing of an emulsifier valve, rotary 
hoe blades and plough shares is described. (M. RB) 
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1400. MUIR, G.P. 
Hard surfacin 


Tool Engineer, 1949, June, pp. 30-31. 


Certain cobalt base, nickel base and tube carbide hardfacing 
rods are briefly described together with their technique of 
deposition by oxy-acetylene torch and arc on to engineering 


steels and cast iron. 


1401. ANON. 

Hardfacing sand muller ploughs. 
Iron Ase, vol, 164, 1949, Nov. 17, pp. 102. 
The p 


ugh blades in a sand mulling machine had to be replaced 
every 4 days. After hardfacing with tube carbide the blades 


were still good after 4 months. 


THERMIT WELDING 

1402, FORSTER, R. A. 
Ship repairs by thermit welding. 
tron Age, vol. 164, 1949, Oct. 20, pp. 71-73. 


The author describes the repair of stern frames of two cargo 
vessels by thermit welding. About 3,000 Ibs. of thermit were 
used; the cracks were repaired to the requirements of the 
American Bureau of Shipping, and passed as permanent repairs. 


1403. REEBEL, D. 


Welding copper to other metals speeded up by new 


Steel, vol. 125, 1949, Nov. 14, pp. 85-86. 
The author discusses the 


Improvement 


oxide. 
signal bonds to steel rails. 


WELDABILITY.—Dissimilar Metals 
1404, PEASE, G. R., and BOTT, H. B. 


Welding high-nickel alloys to other metals. 


Welding J., vol. 29, 1950, Jan., pp. 19-26. 


The author discusses metallic-arc weldin; 
dissimilar metals, and concludes that, on the basis of his tests 
of strength and ductility, the safest choice for welding joints 
of the type investigated is the electrode which matches the 


for increased wear resistance. 


adweld process of welding copper to 
copper or eogeet to steel developed by Electric 
©., Cleveland. The process is similar to thermit 

oom, § except that iron oxide has been replaced by copper 
he process has been used to weld more than 12 million 


(M. R.) 


April, 1980 


chemical composition of the high-nickel alloy involved. The 
test joints, over seventy in number, included welds joining 
Monel, Inconel and Nickel to each other, and to mild steel, 
18/8 stainless steel, 70/30 cupro-nickel, silicon bronze and 
Hastelloy “B". Where two high-nickel alloys are joined, either 
matching electrode is satisfactory. Weld compositions to be 
avoided, because of dilution effects, are listed. 


WELDABILITY.—Ferrous.—Stainless steel 
1405. SPENCER, L. F. 


(M. R.) 


Welding stainless steel. 
iron Age, vol. 164, 1949, Oct. 20, pp. 57-62; Oct. 27, pp. 69-75. 
The author presents a practical discussion of procedures suitable 
for welding nickel-chromium stainless steels. After discussion 


of characteristics of the materials as affecting their weldability, 
equipment and techniques are dealt with in some detail. The 
processes covered are:—electrical-resistance welding, inert-gas- 
shielded arc, submerged-arc, manual-arc and gas-welding. 


WELDABILITY.—Non-ferrous.—_Molybdenum 
1406. GOODMAN, |. S. 
Arc welding of molybdenum. 
Welding J., vol. 29, 1950, Jan., pp. 37-44. 


The author points out that for joining pure molybdenum to 


itself, mechanical means, brazing and resistance welding hold 
preference. Where these methods are inadvisable, due to 


design or weight considerations, the author explains that 


ailway 


submerged arc welding may hold some promise; present 
limitations involve the development of a suitable flux for 
submerged arc welding, and applicability to } in. or thicker 
material only. Inert-gas arc welding can be used in certain 
cases on material substantially less than } in. thick. Manual 
arc welding was not very successful, and until a suitable flux 


is developed it is not likely to offer any promise. 
WELDED CONSTRUCTION.—Pipe lines 


Welded Pi 
of butt joints in 


illustrated. 


1407. HAMMOND, R. 

pe-lines. 

Welding, vol. 17, 1949, Dec., pp. 523-531. 

The author reviews welded pipe-line construction. Welding 
processes mentioned are manual-arc, automatic-arc, oxy-acety- 
lene pressure-welding and argonarc. The article is well 
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Dunston-on-Tyne, Durham; F. _ S. 
Tanner, B.A., Clifton, Bristol; F. Taylor, 
Huddersfield; J. F. Wood, Bickley, 
Bromley, Kent. 


Graduates._S. W. F. Chittleboro, 5.1. 
Struct.E., Stoke-on-Trent, Staffs; R. J. 
Cramb (transfer from Studentship), 
Consett, Co. Durham; W. McClean, 
Brockley, S.E.4; G. Popper, Putney 
Hill, S.W.15. 


Associates.—V. Archbold, Hebburn; C. 
\Baines, Parr, St. Helens; G. S. Baker, 
Longridge; S. A. I. Barlow, Clonnel; 
W. Barnett, Audley, Staffs; F. Bennett, 
Leyland, Lancs; E. J. Bull, Rochester, 
Kent; C. S. Carbro, Leicester; P. W. A. 
Carter, Worthing; L. W. Cooley, Stock- 
ton-onTees; W. H. Corrin, Liverpool; 
W. G. Cossentine, Brockley; A. A. 
Crighton, Hong Kong; G. A. Deeth, 
Hessle; T. R. Edwards, Brierley Hill; 
T. H. Ellen, Swindon; J. Flood, Crewe; 
A. L. Gibbons, Chelmsford; S. Granger, 
Birmingham; J. H. Greaves, Worksop, 


Notts; J. W. Green, Pallion, Sunderland; 
S. Gregson, Preston; G. Harden (transfer 
from Hon. Membership, H.M. Forces), 
Lincoln; J. Horridge, St. Helens, Lancs; 
W. Horsfall, Leeds, 8; H. F. Humber, 
Northampton; V. W. Hurt, Sneinton- 
Hermitage, Notts; B. H. Hussey, Exeter; 
L. James, Abadan, S. Iran; C. Johnson, 
Hull; K. Jones, Hode, Chester; H. E. 
Krikken, Horwich, Bolton; J. R. Lewis, 
Harrow, Middx.; R.C. Marson, Sheffield; 
T. J. Masters, London, N.15; T. Nellis, 
Rutherglen, Lanark; R. L. Newton, 
Southport, Lancs; E. L. Norton, Takeley, 
Herts; S. N. Oliver, Dudley, Worcs; 
K. I. Palmer, Whitehall, Bristol; E. L. 
Ryder, Sheffield; J. A. Swarbrick, 
Bamber Bridge; H. Walker, Halifax; 
C. A. Ward, Bromborough, Cheshire; 
D. A. W. Weeks, Bristol; R. B. Whalley, 
Wednesbury, Staffs; W. E. A. Williams, 
‘Mitcham, Surrey; J. T. Wills, Preston; 
E. M. Wilson, Highbury. 

Students.—W. T. Amison, Meir, Stoke- 
on-Trent; D. C. Butcher, London, 


S.W.9; G. A. Readhead, North Ormesby, 
Middlesbrough. 


- Industrial Corporate Members, Class 1.— 


Hull Distillery Co. Ltd., Hedon, Hull; 
Morris Motors Ltd. (Bodies Branch), 
Coventry; Ruston & Hornsby Ltd., 
Lincoln; Tate & Lyle Ltd., Silvertown, 
E.16; Taylor Reid & Co. Ltd., Preston. 

Re-instatement :— H. O. Bradshaw, North- 
field, Birmingham; 
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High quality steel products must be free from the defects which appear on the surface of the ingot, 


bloom, slab or billet during the process of steel manufacture. Oxy-Acetylene Hand Deseaming enabl>; 


individual imperfections of any depth to be removed, either before or after the rolling operation, with a greater 


degree of precision than is possible with pneumatic chipping and in one tenth of the time—giving a faultless 
finish with an incalculable saving in man-hours and machine time. The deseaming of ingots illustrated above 


is just one of the many ways in which B.O.C. processes are aiding production in the Steel Industry ! 


@D THE BRITISH OXYGEN CO LID 222. 
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Detoact Control 


\\" 


YW 'ITHOUT control there would be chaos. B.I.G. Regulators 
guarantee perfect control, consistency in performance, 
ensuring regular, maximum blowpipe efficiency and minimum 
gas consumption. Sturdy, dirt-proof, leak-proof. B.I.G. 


Regulators are always reliable ON DUTY. 


=—. PERFECT CONTROL OF ANOTHER KIND 


<B i BRITISH INDUSTRIAL GASES LTD. 
Head Office: 32 VICTORIA STREET, LONDON, S.W.! 


Telephone : ABBey 6082/3 and 4 


; London: Eastway, Hackney, E Telephone: Amherst 5443/4 
WORKS - Manchester: Richmond Road, herd Park, Manchester, 17. Telephone: Trafford Park 1041/2 
Liverpool: Pnewein, Home Speke, Liverpool, 19. Telephone: Hunts vom 1212/3 
$ ve., Hillington, gow, e jay | 
| Glasgow lizabeth Ave., Hilli Glas S.W.2 Telephone: Halfwi 


INTRODUCING Talk to 
OUR LATEST PATTERN your foreman 


WELDING & CUTTING ||2>ot 


BLOWPIPE SIFBRONZE 
wm NEW HANDGRIP suanx || nestor scrsrsctiauceem. 5275 


position that is different and WILL THE WELDER 
superior to any other type of 
welding rod used for bronze 
welding. It is easy to use and 
will give strong compact welds 
ican rom any trace of porosity. 
It will increase efficiency and 
speed up work. Talk to your 
foreman about it—he’ll tell you 
Sifbronze is darn good stuff. 
Also talk to your draughtsmen, 
your technicians and your 
maintenance engineers about 
Sifbronzing. 


Write today, > full details of 
CATALOGUE ON APPLICATION TO co ag : 
THORN & HODDLE LID., pn amd Son ravine (1920) LTD 
1Si, VICTORIA STREET, LONDON, S.W.| SIFBRONZE WORKS, STOWMARKET Phone: Stowmarket 183 (3 lines) 
Telephone: VICTORIA 3373 Telegrams: INCANTO, SOWEST, LONDON 
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» i > -Airc WELDS 


AEG. TRACE MARK 


ALUMINIUM 
aloy STUDS to 


ALUMINIUM 


ALLOY 


EFFICIENTLY—CONSISTENTLY 
USING 
STANDARD EQUIPMENT 
WITH CYC-ARC 
SPECIAL STUDS 
(NO GAS) 


CYC-ARC LTD., 


27-29, NEW NORTH RD., LONDON, N.I 
CLErkenwell 3344/8 


Visit us at Stand 218, B.I.F., Birmingham 


C[HIS. Milne regulator combines strength with 
sensitivity. In various patterns giving full 
range of output volumes and pressures. 


Write or telephone NOW for catalogue 


Cc. S. MILNE & CO. LTD. 
Octavius St., eye London, S.E.8 Telephone: TIDEWAY 3852/3 
Iso at 168, Buchanan Street, Glasgow. 
T38 


wa eo OI TE TTT 
Electronic Control for 
Resistance Welders 


ignitron-contactor Units 
The ignitron-contactor unit is an electronic switch 
for closing and opening the primary circuit of the 
welder transformer Designed for the control of 
welders of spot, projection and flash-butt type. 


RATINGS AT 440 VOLTS 


Sd 
Poe ol ee ee ee 

[racm [wome | «| | a | ie | a 
Lif cena | oe Sh hee Eat 
Ps Trane | Two mm | oe | om | om | om | oo] 


NOTE FW234.A6 can also be used with BK.240r BK 42 FW224.A7 can also be used with BK.42 


BTH also makes electro-magnetic contactors, but for this application the 
ignitron-contactor, in production since 1939, has the following advantages — 
(a) No moving parts in power circuit. (¢) Sustable without modification for 
(>) Capable of much faster operation. 220/550 volt. A.C. 50-cycle supplies. 
(c) Reduced maintenance cost. (f) Operates with somewhat reduced 

(d) Noiseless in operation. - transient currents. 


————BRITISH THOMSON -HOUSTON 


THE BRITISH THOMSON.ROUSTON CO,, LTD., RUGBY, ENGLAND 
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high precision 
oxygen cutting 


The Hancock Simplex Oxygen Cutting Machine 
is designed for high precision oxygen cutting. 
It is of the “dual carriage” type and all 
moving parts are designed to give frictionless 
movement combined with rigidity under all 
conditions of service. 

Where necessary provision is made for ad- 
justments to maintain smooth and accurate 
drive over many years of service.| 


Besides permitting the cutting of bevels in 
straight lines in two directions, the machine 


has many other 


points of technical and 


operational advantage. 


May we-send you full details. 


for versatile 


B.1.F. Birmingham 
See our Stand 
No. D 739/638 


OXYGEN CUTTING MACHINES 


WELDING for 


TANK CONSTRUCTION . 


here is a new conception of 

mechanised arc welding as a pro- 

duction process—a new outlook, 
which, developed over recent years, 
has now placed the process well to the 
forefront in all fields of manufactur- 
ing. It can be summed up in two 
words, “‘planned welding.” 

Gone are the days when welding 
was expected to “fit-in” with out- 
moded processes and imperfect shop 
layouts. To-day, production men 
realise that mechanised arc welding 
has immense possibilities provided 
its applications are planned. 

Big names in industry are using 
mechanised arc welding more effi- 
ciently, more economically, and with 
greater quality of output than has 


ever been achieved before—all 
because of proper planning. Many 
shipyards, for instance, have been 
reorganised and laid out on entirely 
new lines to capture the great 
benefits of planning for welding. 
Similar,advantages have been gained 
in factory welding shops. 

“Planned Welding” is part of the 
Fusare Process, and the above 
photograph is a typical example of a 


CYLINDER 
WELDING 


Fusare-planned layout for the pro- 
duction of tanks. 


As leading consultants on the 
applications of mechanised arc 
welding, Fusare Ltd. invite you to 
take advantage of their long, prac- 
tical experience, entirely free and 
without obligation. Send in brief 
particulars now to Dept. C.657,. 
Fusare Ltd., Team Valley, Gates- 
head-on-Tyne, 11. 
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- 


, PRESSED STEEL 


FOR SHIPS’ BULKHEADS 


Sections of Troughing pressed from 
Steel Plates are found in actual 
practice to be superior to the old 
method of welding steel plates to- 
gether. Here are six specific 
advantages :— 

@ Saves up to 20% steel weight. 
@ Reduces labour costs. @Nocom- 
parative sharp corners to damage 
cargo. @ Fewer edges where corro- 
“ ee sion can begin. @Smooth surface 
a rage Sox oma in the _— throughout which is easy to clean, 
yneside and Clydeside areas, . ; scrape and paint. @ Suitable for 
Lorge illustretion: TRANSVERSE BULKHEAD IN POSITION. transverse, longitudinal and "tween- 

€GYPT— Small illustration: BULKHEAD WITH GIRDERS AND WEBS deck bulkheads. 
The Port Said Engineering ATTACHED READY FOR ERECTION. Troughing is supplied in lengths up 


Works, Cairo. to 30 feet. e 


MOTHERWELL BRIDGE & ENGINEERING CO. LTD. 


HEAD OFFICE AND WORKS: London Address: @2, VICTORIA STREET, S.W.! 
Tehqreme: GIGGE, MOTHERWELE Telegrams; MOBRICOLIM, SOUWEST, LONDON 


Telephone: MOTHERWELL 40, 41, 42 MOTHERWELL Telephone: VICTORIA 4183 


Photograph by courtesy of 
Bartram & Sons Ltd. 


Pressed Steel Troughing is used 


WELDING ~ 


2A 3% nickel 6” square twist bar, Thermit 


‘ a welded, after mould box and sand had been 
For fabricating and repairing removed. Note where the heating and bdovring 


heavy iron or steel parts such gates, collar and riser were. 
as Shafts, Millhousings, Ships’ 
Stern Frames, Rails. 


Employs simple, easily trans- 
portable equipment permitting, 
repairs to be made in situ. 


Speedy and economical. Saves 
time and costly replacements. 


Immensely strong. 


2 
1 Thermit in action welding rail-crossing. Molten steel 3 Thermit welded Rolling-mill Pinion, overall 
and alumina slog is flowing from a crucible into the Training course available diameter 42 inches. Again note where pouring 
mould box formed around the two rail ends to be welded. gotes, riser, etc., were. 


Write for leaflet T on Thermit Welding to :— 


MUREX LIMITED - RAINHAM ESSEX 
Telephone : Rainham, Essex 240 
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the °Pulsatfe? improved WS S77 
spectacle type goggle 


(patented) 


Several unusual features are incorporated in this new goggle, 


the chief of which are as follows:— 


Z The length of the sides can be adjusted to suit the 
wearer. 


2 The lenses can be changed without removing the sides. poe: ; 
There is a larger screw in the end of the reinforcing bar, @ The bridge is made in two sizes. 


than is commonly found on spectacles, and this makes <& The goggle can be fitted with leather, clear or green 
for easier handling in busy works. cellulose acetate sideshields. 


The sides have been designed to ensure that the goggle G A detachable leather bridge apron can be supplied. 


does not slip and they are so shaped that there is no @ The spectacle can be fitted with the following types of 
pressure on or behind the ears. ; lenses:— 


“Triplex” laminated safety glass (clear, blue or green) - Crookes’ B.2 lenses - “Protex” lenses - “Neodex™ 
lenses - Flashed bluelenses - “Calorex™ lenses - Cellulose Acetate lenses + Bi-colour lenses 


o SAFETY PRODUCTS LTD 


. HATTON GARDEN, LONDON, E.C.1 . Sole distributors in Great Britain for Willson Products Inc., Reading, Pa., U.S.A. 


INSTRUCTION 


WELDING SCHOOLS 


Well-equipped training schools at Bilston and London 
have established courses for the training of Welding Operators and Welding 
Engineers, Special courses meet users’ requirements for training operators in 
pipe welding and similar specialized work. Bookings are now being made for 


1950 ; please send for a copy of Technical Circular No. T.C. 791 giving details 
and syllabus. 


WELDING SERVICE 
TO INDUSTRY 


THE QUASI-ARC CO., LTD., BILSTON, STAFFORDSHIRE. tei.: BILSTON 41905 (6 lines) 
Manufacturers of Arc Welding Electrodes, Plant and Accessories. 
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ROCKWELD LTD © COMMERCE WAY - CROYDON - SURREY - Tel.: CROYDON 7161 
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MUREX WELDING ACCESSORIES 


A simple turn of the wrist, and two welding leads 
become one — locked securely and swiftly by 
Murex cable connectors. With these convenient 
accessories, short leads can be converted into long 
leads and disconnected again at will to suit the 
job. The connectors are fully insulated ; they 
cannot be parted by accident and they are 
specially designed to withstand the most severe 
service conditions. The connectors have brass 
contacts of generous proportions and are made 
in two sizes—the Type 241 for 250 amperes and 
the Type 1071 for 300 amperes. 


In addition to a wide range of electric 
arc welding equipment and electrodes, 
Murex supply all types of welding 
accessories, including __ electrode 
holders, helmets and _ screens, 
spectacles and goggles, ‘“‘Lamurex” 
coloured glasses, plastic covers, 
gloves, protective clothing in leather 
and asbestos, respirators, wire brushes, 
chipping hammers, earthing clamps, 
flexible cable, plugs and sockets, and 
tong test ammeters. 

Please write for Publication M.41. 


April, 1950 


\ 
MUREX 


MUREX WELDING PROCESSES LTD., WALTHAM CROSS, HERTS. 
EERIE RD RSS AE NRL I ND CRE EN LER HONE T RNS PEN OR ae ER Aa VSO, OU Ses MM Nt SARE OPE AN ENG NES SRL Tae 
Printed in England by Lawrence Press Ltp., Henry Road, New Barnet, Herts., and Published by The Institute of Welding, 

2, Buckingham Palace Gardens, London, S.W.1. April, 1950. 


Telephone: Waltham Cross 3636 





